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(57) Abstract 

A loricrin constitutive vector for efficient expression of a nucleic acid sequence in epidermal cells comprising the 5' flank- 
ing region of the loricrin gene, said flanking region containing a TATA box, a cap site and a first intron and intron/exon boun- 
dary all in appropriate sequential and positional relationship for expression of a nucleic acid cassette, a 3' flanking sequence of 
the loricrin gene and a linker containing a unique restriction endonuclease site at the location of the start and stop codon. Said 
linker connecting the 5' flanking region to the 3' flanking sequence and said linker further providing a position for inserting the 
cassette. The cassette contains the specific nucleic acid sequence to be expressed. Also, there is a keratin K6 inducible vector for 
regulating expression of a nucleic acid sequence in epidermal cells comprising the 5' flanking region of the keratin K6 gene, said 
flanking region including the TATA box, a cap site and the first intron and intron/exon boundary all in sequential and positional 
relationship for expression of a nucleic acid cassette, a 3' flanking sequence of the keratin K6 gene, and a polylinker having a plu- 
rality of restriction endonuclease sites. The polylinker connects the 5' flanking region to the 3' flanking sequence and further pro- 
vides a position for insertion of the cassette. The keratin K6 and loricrin vectors can be further regulated by the addition of a Vi- 
tamin D regulatory element. The vectors can be used in a bioreactor for generating a variety of products including proteins, 
polypeptides or antisense RNAs. The vectors can also be used for gene therapy in treatment of a variety of diseases in animals 
and humans including wound healing, surgical incisions, skin ulcers, psoriasis and skin cancer, and in vaccination. 
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CONSTITUTIVE AND INDUCIBLE EPIDEBMAL VECTOR SYSTEMS 

The invention was partially supported by a grant from the United 
States government under AR40240 awarded by the National Institutes of 
10 Health. The government has certain rights in this invention. 



FIELD OF THE INVENTTQTJ 
The present invention relates generally to expression vectors for use 
in expressing proteins and polypeptides in epidermal cells. More 

15 particularly it relates to a constitutive vector consisting of the loricrin 
gene promoter^ its 5' flanking region, its 5' trans^ibed but untranslated 
region, its intron, its 3' transcribed but untranslated region, its 
contiguous non*coding DNA containing the gene's natural transcriptional 
termination region and its 3' flanking region. It further relates to an 

20 inducible vector consisting of the K6 keratin gene promoter, its 5' 
flanking region, its 5' transcribed but untranslated region, its first intron, 
its 3' transcribed but untranslated region, its contiguous non-coding DNA 
containing the gene's natural transcriptional termination region and its 
3' flanking region. Additionally it relates to the treatment of disease 

25 using the constitutive and inducible vectors. 



BACKGROUND OF THE INVENTION 

The skin is the largest organ in the himian body and, due to its 
accessibility, it is an attractive target for gene therapy. The outer layer 
of the skin is called the epidermis, and it is particularly attractive since 
epidermal cells can be grown in vitro from normal and affected patients, 



are easily transformed genetically by vectors, and can be readily 
reintroduced by autografting. Previous studies investigating the feasibility 
of using epidermal cells for gene therapy have only considered this ex vivo 
approach. These investigations utilized retroviral vectors and their 
promoters to introduce and express foreign genetic material in epidermal 
cells. Even though the epidermis is avascular, these studies demonstrated 
that proteins expressed in the epidermis were able to traverse the 
epidermal-dermal barrier and achieve systemic distribution (Morgan et al., 
Science, Vol. 237, pp. 14^-1479, (1987)f Feiyves et al., PNAS USA, Vol. 
86, pp. 8803-8807, (1989); GarKck et al., J. Invest. Dermatol., Vol 97, pp. 
824-829, (1991)). The accessibility of the epidermis makes it suitable for 
other routes of vector delivery that do not reqidre an ex vivo approach, 
e.g., a gene gun '(Sanford et al.. Techniques, Vol. 3, pp. 3-16, (1991); 
Wiffiams et al., PNAS USA, Vol. 88, pp. 2726-2730, (1991); Johnstone et 
al.. In Vitro CeE Dev. Biol., Vol. 27, pp. iM4, (1991)). In addition, novel 
vector systems derived &om genes nonnally escpressed at high levels in 
epidermal cells, could prove optimal for achieving efGcient, as well as 
regulated, escpressiozi of estogenous DNA. These vector systems are the 
subject of this invention. 

The epidermis is a continuously regenerating stratified squamous 
epithelium. Differentiated epidermal cells are the progeny of proliferative 
cells located in the basal cell layer and there is substantial evidence 
suggesting that the regeneration process occurs in proliferative units 
composed of slowly cycling, self-renewing stem cells, proliferative but non- 
renewing transit amplifying cells, and post-mitotic matiuring epidermal 
cells (Iversen, et al., Cell Tissue Kinet., VoL 1, pp. 351-367, (1968); 
MacKenzie, et al., Nature, Vol. 226, pp. 653-655, (1970); Christophers, et 
al., J, Invest. Dermatol., Vol. 56, pp. 166-170, (1971); Potten, In Stem 
Cells: Their Identification and Characterization, pp. 200-232, (1983); 
Cotsarelis, et al.. Cell, Vol. 61, pp. 1329-1337, (1990)). The maturation 
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process (terminal diffeFentiation) is initiated when epidermal cells 
withdraw from the cell cycle and migrate from the basal layer into the 
spinous layer. Maturation continues as spinous cells migrate into the 
granular layer and terminates with the formation of the stratum corneum. 
Morphological and biochemical studies have shown that terminal 
differentiation occurs in stages, (Matoltsy, J. Invest. Dermatol., Vol. 65, 
pp. 127-142, (1975)). Keratins K5 and K14 are m^or products of basal 
epidermal cells (Woodcock-Mitchell, et al., J. Cell BioL, Vol. 95, pp. 580- 
588, (1982)). These proteins assemble into 10 nm filaments (intermediate 
filaments [IF]) and, together with microtubules (tubulin) and 
microfilaments (actin), comprise the q^keleton of epidermal cells 
(Steinert, P.M., et al., CeU, Vol. 42, pp. 411-419, (1985)). One of the 
earliest changes associated with the commitment to differentiation and 
migration into the spinous layer is the induction of another 
differentiation-specific pair of keratins (Kl and KIO). IF containing Kl 
and KIO replace those containing K5 and K14 as the msgor products of 
cells in the spinous layer (Woodcock-Mitchell, et al., J. Cell Biol., Vol. 95, 
pp. 580-588, (1982); Roop, et al., Proc. Natl. Acad. Sci., USA, Vol. 80, pp. 
716-720, (1983); Schweizer, et al, Cell, Vol. 37, pp. 159-170, (1984)). The 
keratin IF formed by these proteins assemble into bundles. In the 
granular layer, another high molecular weight non-IF protein is 
synthesized, which is processed into filaggrin, and is thought to promote 
keratin filament aggregation and disulfide-bond formation (Dale, B A., et 
al.. Nature, Vol. 276, pp. 729-731, (1978); Hardmg, C.R., et al., J. Mol. 
BioL, Vol. 170, pp. 651-673, (1983)). In the final stage of epidermal cell 
maturation, transglutaminase catalyzes the crosslinking of involucrin and 
loricrin, by the formation of (y-glutamyl) Ijrsine isopeptides, into a highly 
insoluble comified envelope which is located just beneath the plasma 
membrane (Rice and Green, Cell, Vol. 11, pp. 417-422, (1977); Mehrel, et 
al., CeU, Vol. 61, pp. 1103-1112, (1990)). 



Genes or cDNAs encoding the m^or keratins e3q)ressed in 
epidermal cells have now been cloned: KS (Lersch, et al., Mol. and Cell 
Biol., Vol. 8, pp. 486-493, (1988), K14 (Marchul^ et al., Proc^ Natl. Acad. 
Sci, USA, Vol. 82, pp. 1609-1613, (1985); Knapp, et al., J. Biol. Chem, Vol. 
262, pp. 938-945, (1987); Roop, et al.. Cancer Res., Vol. 48, pp. 3245-3252, 
(1988), Kl (Steinert, et al., J. Biol. Chem., Vol. 260, pp. 7142-7149, (1985) 
and KIO OKrieg, et al., J. BioL Chem., VoL 260, pp. 5867-5870, (1985)). 
Northern blot analjnBib and m situ hybridization studies suggest that 
keratin genes K5 and K14 Mre predominantly transcribed in tihe 
proliferating basal layer and transcription of keratin genes Kl and KIO is 
induced as cells migrate into the spinous layer (Lersch, et al., Mol. and 
CeE Biol., Vol. 8, pp. 486-493, (1988); Bjiapp, ei al., J. Biol. Chem, Vol. 
262, pp. 938-945, (1987); Roop, et aL, Cancer Res,, VoL 48, pp. 3245-3252, 
(1988)). Genes encoding rat (Haydock^ et al., J. Biol. Chem., Vol. 261, pp. 
12520-12525, (1986)) and mouse (Rothnagel, et aL, J. BioL Chem., VoL 
262, pp. 15643-15648, (1987)) filaggrih have now been identified and in 
situ hybridization experiments have confirmed that transcription of this 
gene is restricted to laie granular layer (Rothnagel, et al, J. Biol. Chem., 
VoL 262, pp. 15643-15648, (1987); Fisher, et al. J. Invest. Dermatol., VoL 
88, pp. 661-664, (1987)). To date, loricrin is the only gene encoding a 
component of the comified envelope to be studied at the molecular level 
by iTir situ hybridization and transcripts of this gene are restricted to the 
granular layer (Mehrel, et al.. Cell, VoL 61, pp. 1103-1112, (1990)). 

Since the genes encoding the structured proteins described above 
are expressed at very high levels, i.e. their individual transcripts represent 
5-10% of the total messenger RNA in epidermal cells, their regulatory 
regions could be utilized in the construction of vectors to direct efficient 
egression of exogenous DNA in epidermal cells. In particular, efforts 
have focused on the gene encoding loricrin, a mcijor keratinocg^e cell 
envelope protein (Mehrel et al.. Cell, VoL 61, pp. 1103-1112, (1990)). 



Although this gene is normally only expressed in the most differentiated 
layers of the epidermis, the present invention demonstrates that it 
possible to remove sequences that normally restrict expression of the 
loricrin gene in undifferentiated cells and achieve high levels of expression 
in xmdifferentiated epidermal cells (greater than the viral promoter of 
SV40). Thus, this vector is constitutively expressed in epidermal cells at 
all differentiation states. 

In addition to the constitutive vector, the present invention takes 
advantage of the expression characteristics of another gene encoding the 
K6 keratin to construct an inducible vector. The K6 gene is normally 
never expressed in the epidermis, but it can be induced under 
hyperproliferative conditions such as wound healing (Weiss, et al., J. Cell 
Biol., Vol. 98, pp. 1397-1406, (1984); Nakazawa, et aL, J. GeU Biol., Vol. 
103, pp. 561a, (1986); Stoler, et al., J. Cell Biol., Vol. 107, pp. 427-446, 
(1988) and topical application of retinoic acid (Rosenf^ et al., J. Invest. 
Dermatol., Vol. 95, pp. 510-515, (1990)). 



SUMMARY OF THR TWVli!MTrnM 

An object of ih.e present invention is a loricrin constitutive vector 
for efficient expression of nucleic acid sequences in epidermal cells. 

An additional object of the present invention is a keratin K6 
inducible vector for regulated expression of nucleic acid sequences in 
epidermal cells. 

Another object of the present invention is an in vivo method of 
transducing epidermal cells with a constitutive or inducible vector. 

A further object of the present invention is a bioreactor for 
producing proteins and polypeptides. 

An additional object of the present invention is an enhanced method 
of wound healing or healing of surgical incisions. 



Another object of the present invention is a method of treating skin 

ulcers. 

An additional object of the present invention is a method of treating 
psoriasis. 

A farther object of the present invention is a method of treating 
cancer. 

Thus, in accomplishing the fore^ing objects, there is provided in 
accordance with one aspect of the present invenldon, a loricrin constitutive 
vector for efficient es^ression of nucleic acid sequences in epidermd^ cells, 
comprising a 5' flaiddng region of the lorimn gene, said flanking region 
including a TATA box, a cap site and a first intron and bxl intron/exon 
boundary, all in appropriate sequential and pi3sitional relationship for 
egression of a nucleic acid cassette; a 3' flanking sequence of the loricrin 
gene;^ and a linker havmg a unique restriction endonuclease site at the 
location of the stmt and stop codon, said linker connecting the 5' flanking 
region to the 3' flanking sequence and said linker further providing a 
position for inserting the nucleic acid cassette which includes the specific 
nucleic acid sequence to be expressed. 

In specific embodiments of the present invention, the loricrin 
constitutive vector has a 5' flanking region of approximately 1.5 kb, an 
intron of approximately 1.1 kb and a 3' flanking sequence of 
approximately 2.1 kb. In specific embodiments of the present invention, 
the loricrin constitutive vector also includes a poly-linker. 

An alternative embodiment of the present invention is a keratin K6 
inducible vector for regulated expression of a nucleic acid sequence in 
epidermal cells, comprising a 6' flanking region of the keratin K6 gene, 
said flanking region including a TATA box, a cap site, a first intron and 
an intron/exon boxmdary, all in sequential and positional relationship for 
expression of a nucleic acid cassette; a 3' flanking sequence of the keratin 
K6 i^ne; and a poly-linker having a pluralily of restriction endonuclease 
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sites, said poly-linker connecting the 5' flanking region to the 3' flanking 
sequence and further providing a position for insertion of the nucleic acid 
cassette which includes the specific nucleic acid sequence to be expressed. 

In specific embodiments of the present invention, the keratin K6 
inducible vector, 5' flanking region of approximately 8.0 kb, an intron and 
intron/exon boundaiy of approximately 0.56 kb and the 3' flanking 
sequence of approximately 1.2 kb. 

In the present invention, the restriction endonuclease sites in the 
linker or poly-linker are selected from the group consisting of Cla I, Not 
I, Xma I, Bgl n, Pac I, Xho I, Nhe I and Sfi I. 

In one embodiment of the present invention, the nucleic acid 
cassette, of the constitutive op inducible vectors, contains a sequence 
coding for a protein, polypeptide or antisense RNA. 

In specific embodiments of the present invention, there is a 
bioreactor comprising transduced epidermal cells including either the 
loricrin constitutive or keratin K6 inducible vectors. The bioreactor can 
produce a variety of compounds selected from proteins, polypeptides, 
antisense RNA. 

In specific embodiments of the present invention, the loricrin 
constitutive or keratin K6 inducible vectors are used for the treatment of 
vjrounds, surgical incisions, psoriasis, skin ulcers and cancer. 

The method of the present invention can also be xised for 
vaccination by transducing epidermal cells with a loricrin constitutive or 
keratin K6 inducible vector having proteins or polypeptides which induce 
an immunological response. 

Another embodiment of the present invention is the nucleotide 
sequences for the loricrin gene and loricrin constitutive vector. 

Another embodiment of the present invention is the nucleotide 
sequences for the keratin K6 gene and keratin K6 inducible vector. 
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Other and further objects, features and advantages will be apparent 
from the following description of the presently preferred embodiments of 
invention which are given for the purposes of disclosure when taken in 
coi^unction with the accompanying drawings. 

5 

BRIEF nWSORIPTION OF THE DRAWTNOS 
Figure 1 is a schematic drawing of the mouse loricrin gene and the 
constitutive epidermal vector derived from its regulatory sequences. 

Figure 2 shows the expression characteristics of the constitutive 
10 epidermal vector in iindifferentiated and differentiated epidermal cells 
utilizing a reporter gene encoding chloramphenicol aceiyl transferase 
(GAT). 

Figure 3 shows the ^ression characteristics of the constitutive 
epidermal vector in vivo uiaiizing a reporter gene encodmg E. coli 
15 p-galactosidase. 

Figure 4 demonstrates the suppression by Vitamin of a novel 
negativeregulatoiy element from the human Kl keratin gene (HK1.NRE). 

F^^ure 5 is a schematic representative of the constitutive epidermal 
vector which can be suppressed by Vitamin D, via insertion of the 
20 HK1.NRE. 

Figure 6 is a schematic drawmg of a derivative of the mouse K6 
keratin gene (BGM-MK6(A).HK1). 

Figure 7 shows the expression characteristics of BCM-MK6(A)-HK1 
in transgenic an&nals. 
25 Figure 8 is a schematic drawing of the mouse K6 keratin gene and 

the proposed construction of an inducible epidermal vector from its 
regulatoiy sequences. 

Figure 9 is a schematic representative of the inducible epidermal 
vector which can be suppressed by Vitamin D, via insertion of HKl.NRE. 



The drawings are not necessarily to scale, and certain features of 
the invention may be exaggerated in scale and shown in schematic form 
in the interest of clarify and conciseness. 

DBTAn.KD nKSCRIPTION OF THE TNVTCyrTTOK 

It will be readily apparent to one skilled in the art that varying 
substitutions and modifications may be made to the invention disclosed 
herein without departing from the scope and spirit of the invention. 

The term "transformed" as used herein refers to the process or 
mechanism of inducing changes in the characteristics (expressed 
phenotype) of a cell by the mechanism of gene transfer whereby DNA is 
introduced into a cell in a form where it expresses a specific gene product 
or alters expression of endogenous gene products. 

The term "transduction" as used herein refers to the process of 
introducing a DNA expression vector into a cell. Various methods of 
transduction are possible, including microinjection, CaPO^, lipofection 
(lysosome fusion), use of a gene gun and DNA vector transporter. 

The loricrin constitutive vector and the keratin K6 inducible vector 
can be transduced into the squamous epithelia cells by any of the variety 
of ways described above. The types of epithelia cells include epidermis, 
oral, esophageal, vaginal, tracheal, corneal and other squamous epithelia. 
They are transduced by contacting the vector with the cells. In the 
preferred embodiment tiiis includes using a gene gun or DNA vector 
transporter. 

The term "DNA vector transporter" as used herein refers to those 
molecules which bind to DNA vectors and are capable of being taken up 
by epidermal cells. DNA transporter is a moleciilar complex capable of 
non-covalent binding to DNA and efficiently transporting the DNA 
through the cell membrane. Although not necessary, it ia preferable that 
the transporter ako transport the DNA through the nuclear membrane. 



wo 93/22431 



PCr/US93/03993 



-10- 

The term "nucleic acid cassette" as tised herein refers to the genetic 
material of interest which can express a protein polypeptide or RNA and 
which is capable of being incorporated into the epidermal cells. The 
nucleic acid cassette is positionally and sequentially oriented within the 
5 keratin K6 inducible vector or the loricrin constitutive vector such that 
the nucleic acid in the cassette can be transcribed into RNA or antisense 
I^A and, when necessary, translated into proteins or polypeptides in the 
transformed epidermal ceUs. A variety of proteins and polypeptides can 
be expressed by the sequence in the nucleic acid cassette in the 
10 transformed epidermal cells. These proteins or polypeptides which can be 
pressed include hormones, growth factors, enzymes, clotting factors, 
apolipoproteins, receptors, drugs, tumor antigens, yh-al antigens, parasitic 
antigens and bacterial antigens. Specific «amples of these compounds 
include proinsulin, insulin, growth hormone, insulin-like growth factor I, 
15 insuKn-like growth factor TJ, insulin growth factor binding protein, 
epidermal growth factor TGF-«, dermal growth factor PDSF, 
factors, e,g., acid fibroblast growth factor, basic fibroblast growth factor 
and angiogenin for instance, matrix proteins such as T^e IV collagen, 
•^ype VH collagen, laminin and proteins fi-om viral, bacterial and parasitic 
organisms which can be used to induce immimolop^c response. 

The genetic material which is incorporated into the epidermal cells 
using the loricrin constitutive vector or the keratin K6 inducible vector 
includes DNA not normally found in epidermal cells, DNA which is 
normdJy found in epidermal cells but not expressed at physiological 
25 significant levels, DNA normally foxmd in epidermal cells and normally 
expressed at physiological desh-ed levels, any other DNA which can be 
modified for e:q>ression in epidermal celk, and any combination of the 
above. 

The term "loricrin constitutive vector" as used herein refers to a 
30 vector which can be inserted into epidermal cells and which once inserted. 
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will express a constitutive (i,c., a constant level) of protein, polypeptide or 
antisense RNA from the niicleic acid cassette which is part of the loricrin 
constitutive vector. The loricrin constitutive vector is used for efficient 
expression of a nucleic acid sequence in epidermal cells and is comprised 
of a 5' flanking region of the loricrin gene, said flanking region including 
a TATA box, a cap site and a first intron and an intron/exon boundary all 
in appropriate sequential and positional relationship for expression of a 
nucleic acid cassette; a 3' flanking sequence of the loricrin gene; and a 
linker having a unique restriction endonuclease site at the location of the 
start and stop codon, said linker connecting the 5' flanking region to the 
3' flanking sequence and said linker further providing a position for 
inserting the nucleic acid cassette. 

The sequence for the loricrin gene which is used for preparing the 
loricrin constitutive vector is shown in SEQ. ID No. 1. The loricrin 
constitutive vector has a 5' flanking region comprising nucleotides 1 to 
1540 of SEQ. ID. No. 1; an intron and intron/exon boundaxy comprising 
nucleotides 1587 to 2677 of SEQ. ID. No. 1, a 3' flanking region 
comprising nucleotides 4384 to 6530 of SEQ. ID. No. 1; and a linker to be 
inserted at the unique Cla I site at nucleotides 2700 to 2705 of SEQ. ID. 
No. 2. The loricrin constitutive vector has a 5' flanking region of 
approximately 1.5 kb, an intron of approximately 1.1 kb and a 3' flanking 
sequence of approximate^ 2.1 kb. The linker of the loricrin constitutive 
vector can be a poly-linker. The poly-linker includes a plurality of 
restricidon endonudease sites. 

The term "keratin K6 inducible vector" as used herein is a vector 
which is useful for regulated expression of a nucleic acid sequence in 
epidermal cells. The keratin K6 inducible vector comprises a 5' flanking 
region of the keratin K6 gene, said flanking region including a TATA box, 
a cap site, a first intron and an intron/^on boimdaiy all in sequential and 
positional relationship for the expression of a nucleic acid cassette; a 3' 
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flanking sequence of a keratin K6 gene; and a poly-linker. The poly-linker 
includes a plurality of restriction endonuclease sites, connects the 6' 
flanking region to the 3' flanking sequence and further provides a 
position for insertion of the nucleic acid cassette. 
5 The partial sequence for the keratin K6 gene which is used for 

preparing the keratin K6 inducible vector is shown in schematic form in 
Figures and the sequence is shown in SEQ. ID No. 3. The keratin 
inducible vector has a 5' fliusking region which extends from a unique 5' 
Xhol site up to nucleotide 360 of SEQ. ID. No. 3; an intron and 
10 intron/exott botmdaiy comprising nucleotides 928 to 1494 of SEQ. ID. No; 
3; a 3' flanking region which- extends from nucteotide 4740 of SEQ. ID. 
No. 3 to a unique 3' Xho I siter and a poly linker inserted between 
nucleotides 1504 to 1509 of SEQ. ID. No. 3. 

The keratin K6 inducible vector has a 5' flwntiTig region of 
approximate^^ 8.0 kbj, an intron and intron/exon boundary of 
approximately 0.56 kb and a, 3' flanking sequence of approximately 1.2 kb. 
The resl^ction endonudease sites found in the linkw and poly-linker of 
the loricnn and keratin K6 vectors can be any restriction endonucleases 
wMch wiU allow insertion of the nucleic acid cassette. In the preferred 
embodiment they are usually selected from the group consisting of Cla I, 
Not I, Xma I, Bgl H, Pac I, Xho I Nhe I and Sfi I. 

One skilled in the art will readily recognize that there are a variety 
of ways to introduce the loricrin constitutive vector or the keratin K6 
inducible vector into epidermal cells. The vectors can be inserted either 
25 w vivo or ex vivo. The mode of insertion will, to a certain degree, 
determine the available methods for the insertion. 

One embodiment of the present invention includes a bioreactor. A 
bioreactor is comprised of transformed epidermal cells which contain the 
loricrin constitutive vector or contain the keratin K6 inducible vector. 
Once the vector is inserted in the epidermal cells, tSie epidermal cells will 
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express the nucleic cassette and produce the protein, polypeptide or 
antisense RNA of interest. This can be done either in vivo or ex vivo. 
Any compound which can be encoded in, and expressed by, the nucleic acid 
cassette can be produced by the bioreactor. 

One method for ex vivo introduction of the loricrin constitutive 
vector or the keratin K6 inducible vector into epidermal cells includes a 
cotransfection of the vector with a selectable marker. The selectable 
marker is used to select those cells which have become transformed. The 
cells can then be used in any of the methods described in the present 
invention. 

One specific embodiment of the present invention is a method for 
the enhanced healing of a wound or surgical incision. This method 
comprises the in vivo transduction of epidermal cells with a loricrin 
constitutive vector or a keratin K6 indueible vector. In either case, the 
nucleic acid cassette of said vector contains a nucleic acid sequence for a 
growth fSactor. 

In the preferred embodiment for the treatment of wotmds or 
surgical incisions, a plurality of vectors are introduced into the epidermal 
cells. In the plurality of vectors, the cassette of at least one vector 
contains a nucleic acid sequence for an epidermal growth factor (TGF-o), 
the cassette of at least one vector contains a dermal growth factor 
(PDGF), a cassette of at least one vector contains a nucleic acid sequence 
for a matrix protein to anchor the epidermis to the demus, and a cassette 
of at least one vector contains a nucleic acid sequence for an angiogenesis 
factor. The sequence for matrix proteins can be selected from any 
sequences useful for the anchoring of the epidermis to the dermis but are 
usually selected from the group consisting of Type IV collagen, laminin, 
nidogen, and Type VII collagen. The angiogenesis factor is usually 
selected from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth factor and angiogenin. The combination of the vectors 
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provides all of the necessaiy elements for qiiick and rapid enhancement 
of healing of wounds or surgical incisions. This procedure is very helpful 
in the case of plastic or reconstructive surgery. Furthermore, skin ulcers 
can be treated by following similar procedures as described for wound 
heaHng or surgical incision. These procedures are useAil in aniTnala and 
humans. 

In the ex vivo approach for treating or healing woimds, surgical 
incisions and skin lesions, the vectors are first transduced into the 
epidermal cells ex vivo. The transformed epidermal cells are transplanted 
onto the animal or hiunan to be treated. 

Another embodiment of the present invention is a method for 
treating psoriasis. In ihis method, epidermal cells are transduced in vivo 
with a loricrin constitutive vector or a keratin KB inducible vector. A 
nucleic acid cassette in said vector contains a nucleic acid sequence for a 
protein or polypeptide selected from the group consisting of TGF-flf, a 
soluble form of qytoMne receptor, and an antisense RNA. The cytokine 
receptor cian be selected from the group consisting of IL-1, IL-6 and IL-8. 
TjoB antisense BNA sequence is selected from the group consisting of 
TGF-a, IL-1, IL-6 and IL-S. 

In another embodimMit of the present invention there is a method 
of treating cancer. TMs method comprises the steps of in vivo 
transduction of epidermal cells with a loricrin constitutive vector or a 
keratin K6 inducible vector into epidermal cells. The nucleic acid cassette 
of either vector contains the nucleic acid sequence coding for antisense 
ENA for the E6 or E7 gene of the human papilloma virus or coding for 
the normal p53 protein. Although the example given is for skin cancer, 
this same approach is used for cancers occurring in other squamous 
epithelial, since the constitutive and inducible vectors will also function in 
these tissue types. 
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It has been found that either the keratin K6 inducible vector or the 
loricrin constitutive vector can be further regulated by introducing the 
Vitamm D regulatoiy element into the vector. The Vitamin D regulatory 
element is usually introduced into the 3' flanking sequence. In the 
present invention, the Vitamin D regulatory element is from the hmnan 
Kl keratin gene. With the Vitamin D regulatory element in the vector, 
the expression of the nucleic acid cassettes can be suppressed by Vitamin 
D, a commonly used substance in flnimnls and humans. 

An additional embodiment of the present invention is a method for 
vaccination comprising the step of in vivo introduction of a loricrin 
constitutive vector into epidermal cells. The nucleic acid cassette in the 
vectors usually codes for a polypeptide which induces an immunological 
response. An example of this is the viral capsid protein from the human 
papilloma virus. One skilled in the art will readily recognize that any 
other variety of proteins can be used to generate a immunologic response 
and thus produce antibodies for vaccination. 

The following examples are offered by way of illustration and are 
not intended to limit the invention in any manner. 

EXAMPLE 1 

Isolation of the Mouse Loricrin Gptift 
Although it is a mnjor keratino<yte cell envelope protein, loricrin 
was not identified until 1990 (Mehrel, et al., Cell, Vol. 61, pp. 1103-1112, 
(1990)). The primary sequence of the loricrin protein was deduced from 
the overlapping cDNA clones described in Mehrel, id. To obtain the full 
gene, the cDNA clones were used to screen an EMBL-S Balb/c mouse 
genomic libraiy. The gene encoding loricrin was located within two Bam 
HI fragments of 3.4 and 3.1 kb. The coding sequence within this genomic 
fragment is identical to the cDNA sequences and is not interrupted by 
introns. There is, however, an intron in the 5' non-coding region that is 
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approadmatefy 1.1 kb in length. In addition to the intron and coding 
sequence, there is approximatefcr 1.5 kb of S' flwtiiriTig sequence and 2.1 
kb of 3' flanking sequence, 

EXAMPLB2 

gjmgtructiQTi «nd characterization of « constitutivfi epidermal 
expression vector from the TnonaR loricrin genp 
Although all of the regulatory elements of the loricrin gene have 
not been identified, a functional loricrin constitutive expression construct 
was designed as follows. Briefly^ polymerase chain reaction (PGR) 
technology was used to delete the loricrin coding region, leaving the 5' 
and 3' flanking regions, 5' and 3' non-coding regions and the intron 
(Figure 1). A unique Cla I restriction site was engineered at tiie start 
(ATG) and stop (TAA) codons to allow easy insertion of exogenous gene 
cassettes. To assess the expression characteristics of this vector, a 
reporter gene, the bacterial gene encoding chloramphenicol acetyl 
transferase (CAT), was inseri»d into the Cla I site. The expression vector 
was analyzedby transient transfection into primaiy mouse epidermal cells. 
Positive OpSV2^CAT, lane 1) and negative (pA10.CAT, lane 2) conta-ol 
vectors were included in the assay (Figure 2). The loricrin expression 
vector had high activity in undifferentiated (low Ca** medium, lane 3) and 
differentiated (high Ga'*medium, lane 4) epidermal cells, surpassing levels 
obtained with the strong promoter of the virus SV40. This result was 
unexpected, since previous in viim studies had demonstrated that the 
loricrin gene was only expressed at a late stage of epidermal 
differentiation (Mehrel, et al.. Cell, VoL 61, pp. 1103-1112, (1990)), and 
indicates that additional flanking sequences are required to suppress 
loricrin e2q>ression in imdifferentiated epidermal ceUs. 

To analyze the esqiression characteristics of the loricrin vector in 
vivo, the bacterial gene encoding p -galactosidase was inserted into the Cla 
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I site. The P-galactosidase gene has frequently been used as a reporter 
gene to assess targeting specificity (MacGregor, et al., In: Methods in 
Molecular Biology, Vol. 7, pp. 217-235, (1991)). This construct was 
designated pML-^-gal and was used in the production of transgenic mice. 
This construct was digested with Apa I and subjected to preparative 
agarose gel electrophoresis to pxudfy the pML-^-gal expression construct 
away from plasmid sequences (pGEM72) which might interfere with 
expression. The separated expression construct sequences were purified 
and recovered using NA 45 DEAE membrane (Schleicher & Schuell). 
DNA was precipitated and resuspended at 1-3 ng/ul. ICR outbred female 
mice (Sasco) were given ?MS and HCG to stimulate superovulation, mated 
to FVB males (Taconie) and resulting one-cell fertilized embiyos were 
collected from the oviducts. DNA was micro-ii\jected into the pronuclei 
and the embiyos were surgically transferred to pseudopregnant recipient 
females (the result of mating ICR females with vasectomized B,DaFx males 
(Taconie). Nonnal gestafdon and birth was allowed to continue and at 
approximately three weeks of age tiie pups were screened for evidence of 
the transgene using total genomic DNA extracted from the tail. 

PCR analjrsis was performed on the extracted tail using oUgo 
primers specific for P-galactosidase. Animals positive for the transgene 
were further analyzed to assess the escpression characteristics of pML-^- 
gal. This was done by removing part of the ear and incubating the tissue 
in a staining solution containing X-gal. This was done by removing part 
of the ear and incubating the tissue in a staining solution containing X- 
gal. Typical results are seen in Figure 3 where a PCR positive animal 
expressed high levels of ^-galactosidase in the epidermis (Figure 3b) while 
a PCR negative animal shows no such staining (Figure 3a) indicating that 
endogenous murine ^-galactosidase is not expressed at sufficient levels in 
the epidermis to cause false positives in this assay. Intense X-gal staining 
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was detected in the basal compartment as well as the suprabasal, more 
differentiated layers. 

To analyze the ej^ression characteristics of the loricrin vector in 
vivo, the bacterial gene encoding p-galactosidase was inserted into the 
Cla I site. This data is shown in Figure 3. This observation indicates that 
the loricrin escpreaaion vector is useful as a constitutive vector to direct the 
efficient expression of exogenous DNA in both the imdifferentiated and 
differentiated compartments of the epidermis. 



EXAMPLBa 

UtilizatroTi of anovAT VifaimiT^ p^ TBSDonaive 
element to modulate e^roresaioTi fevela in the emdcrrpls 
This »ample demonstrates that a novel negative regulatoiy 

15 element from the human Kl keratin gene (HK1.NRE) is able to suppress 
a heterologous promoter M response to Vitamin D3. The HK1.NRE is 70 
nucleotides in length (see Figure 0. PCR technology was used to generate 
Bam HI and Bgin sites at opposite ends of this fragment. This facilitates 
generating multiple copies of this fragment since ligation and digestion 

20 with Bam HI and Bgl II will select for oligomers which have ligated head 
to tail. Four tandem copies of the HK1.NRE were inserted into the Bgl 
H cloning site of pAlO.CAT. In the absence of Vitamin D, this construct 
is highly e^ressed when transfected into primary mouse epidermal cells 
(Figure 4) . The addition of increasing concentrations of Vitamin Dj to tiie 

25 culture medium completely suppresses transcription of this heterologous 
promoter. Thus, by using Vitamin D,, the activity of the ejcpression vector 
is modulated. Figure 5 shows a schematic representative of a derivative 
of the loricrin constitutive epidermal vector whick contains the HK1.NBE 
inits 3' flanking region. Theactivity ofthis vector within epidermal cells 
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can be suppressed by topical application of Vitamin Dj, or an analogue, to 
the skin. 

EXAMPLE 4 

Isolation and characterization of a Mo use K6 Keratin Gene 
Several laboratories have reported that keratin K6 is not expressed 
in normal epidermis, but is expressed under hyperproliferative conditions 
such as wounding (Weiss, et al., J. Cell Biol., Vol. 98, pp. 1397-1406, 
(1984); Nakazawa, et al., J. Cell Biol., Vol. 103, pp. 561a (1986); Stoler, et 
al., J. Cell Biol., Vol. 107, pp. 427-446, (1988)) or topical application of 
retinoic acid (Rosenthal, et aL, J. Invest. Dermatol., Vol. 95, pp. 510-515, 
(1990). Although K6 expression does not occur in interfollicular 
epidermis, it does occur in hair follicles (Nakazawa, et al., J. Cell Biol., 
Vol. 103, pp. 661a, (1986)). Recent results indicate that there are two K6 
cDNAs that differ in sequence in only a few nucleoiides. These cDNA 
clones have been used to differentiaUy screen a EMBL 3 Balb/c mouse 
genomic library and isolate two distinct K6 genes. These genes are closely 
linked within genomic DNA, Le., arranged in tandem. They have almost 
identical 3' halves, including identical 3' non-coding and flanTring regions. 
Interesting^, l^e 5' halves of the 2 genes differ greatly in their restriction 
fragment patterns. Sequence analysis of the region near the ATG shows 
majQT differences between the two genes. The sequence of one of these 
genes, designated BCM-MK6(A), is shown in SEQ. ID. No. 3. To 
determine the expression characteristics of this gene in vivo in transgenic 
mice, PGR technology was used to modify a 13.5 kb Xho I fragment 
containing BCM-MK6(A). Nucleotides encoding the C-terminal region of 
the K6 protein were deleted and nucleotides encoding the amino acid 
sequence SEQ. ID. No. 4 were inserted. These amino acids are at the C- 
terminal of human keratin Kl (Johnson, et al., PNAS, USA, Vol. 82, pp. 
1896-1900, (1985)). A schematic representative of this derivative of the 
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mouse K6 gene (BCM-MK6(A)-HK1) is shown in Figure 6. Antisera have 
previously been generated against the HKl C-terminal peptide (Rosenthal, 
et al., J. Invest. Dermatol., Vol. 95, pp. 510-515, (1990)). These antibodies 
are monospecific for this human Kl peptide and allow expression of the 
derivatized BCM-MK6(A)-HK1 transgene to be followed against the 
expression pattern of the endogenous mouse K6 genes. 

The derivatized mouse K6 trans^ne shown in Figure 6 was used 
in the production of transgenic mice as outlined in Elxample 2. Mice 
resulting from the initial iijections were «<areened by PGR anaJ^^is for 
presence of the BCM-MK6CA)-HK1 trans^^ne. Positive founders were 
imtially analyzed for transgene aq>ression as fbllows. A small ear biop^ 
was taken and after 48 hours a second biopi^ was taken at the same site 
to score for expression dining wound healing, l^ansgene espression was 
limited to hair follicles in the initial biopsy and was not present in 
interfoUxcuIar epidermis. Transgene expression was observed in the 
epidermis in the 48 hour biopsies, but oh^ at the site of wounding. To 
further confirm the inducibiUtyoftheBCM-MK6CA)-HKl transgene under 
hyperproliferative conditions, Fl generation offepring fi^om the initial 
founders were treated topically with the hyperplasiogenic agent 12-0- 
tetradecanoylphorbol-l*"acetate. Biopsies were taken before and 48 hours 
after topical applicatioh of this agent. Immunofluorescence was performed 
on frozen sections of these biopsies with antisera specific for the HKl 
peptide. No expression was observed prior to the induction of hyperplasia, 
however, the BCM-MK6(A)-HK1 protein was expressed at very high levels 
in all layers of the epidermis 48 hours after hyperplasia was induced 
(Figure 7). 
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EXAMPLE5 
Construction of an inducible epidermal e xpression 
vector from the mouae K6 gene (BCM-MK6fA) 
Results obtained with the derivative of BCM-MK6(A) (Figure 7) 
indicate that all of the regulatory sequences required to suppress 
expressicri of this gene in normal epidermis and activate its expression 
under hyperproliferative conditions, such as in woimding healing or 
experimentally induced hyperplasia, are located within the 13.5 kb Xho I 
fragment (Figure 6). Therefore, an inducible vector was developed from 
this fragment. This vector is very usefiil in gene therapy applications 
where dosage of pharmaceuticals needs to be regulated. In addition, this 
vector is ideally suited for wound healing applications since it is induced 
during the wound healing process but suppressed after healing has 
occurred. Figure 8 illustrates how a vector is constructed from the BCM- 
MK6(A) gene. The vector is derived from the 13.5 kb Xho I fragment 
which contains the entire K6 gene. The same general strategy used in 
construction of the constitutive epidermal vector (Figure 1) is followed. 
The expression vector retains all of tiie 5' flanking sequences, the 5' non- 
coding sequences up to but not including the ATG, the first intron 
including the ^lice-sites of the intron-exon boundary and all of the 3' 
non-coding and flanking sequences after the TAA codon. A polylinker is 
engineered 3' of the first intron to allow easy insertion of exogenous DNA 
cassettes. These manipulations are performed through the use of PGR 
technology. Unique Xho I sites are conserved at the ends of the vector to 
allow easy amplification in pGEM vectors and excision for purification 
from plasmid sequences. Recent in vivo results indicate that the 
endogenous human K6 gene is inducible after topical application of all- 
trans retinoic acid. Fiurther, in vivo mouse experiments suggest that the 
vector shown in Figure 9 is inducible by topical apphcation of retinoic 
acid, or an analogue, to the skin. 



wo 93/22431 



PCr/US93/03993 



-22^ 
EXAMPLE6 

Gonstructioii of a derivative of th e inducible epidermal 
vector which could be suppressed bv Vitamin Pl 
Even though the inducible epidermal vector depicted in Figure 8 is 
5 suppressed or silent in normal epidermis, it can be accidently induced as 
a result of iiyuiy. Therefore, it is desirable to have an additional 
suppressor engineered into this construct. In addition, this suppressor is 
xised to more tightly regulate pharmaceutical delivery. This is achieved 
by insertion of the HK1.NRE described in Figure 4. Figure 9 shows a 
10 schematic representative of a derivative of the K6 inducible epidermal 
vector which contains the HK1.NRE in its 3' flanking region. The 
activity of this vector within epidermal cells is suppressed by topical 
appUcation of Vitamin D,, or an: analogue, to the skin, 

15 EXAMPLE? 

Utilization of the inducible epidermal vector i n wound healing 
Greater tlmn 3.5 million individuals develop skm ulcers. During 
normal healing, epidermal cells produce growth factors which affect not 
only epidermal cells but alBo cells within the dennis. In addition, 

20 epidermal cells synthesize several matra proteins which provide an 
anchor to the underlying dermis. Many skin ulcers occur in patients with 
disorders such as crrcidatoiy problems and diabetes, and the normal 
healing process in impaired. The inducible epidermal vector is used to 
target the combined expression of growth factors, to accelerate growth of 

25 ceUs in both the epidermal and dermal compartments; matrix proteins, to 
increase tensile strength; and angiogenesis factors, to improve circulation, 
in an attempt to improve healing these patients. 
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EXABCPLBS 

Utilization of th e constitutive epidermal vector 
in gene theranv approaches to cancer 
Skin cancer is by far the most common form of cancer with greater 
than 600,000 new cases reported each year. Several genes have been 
implicated in causing skin cancer, including loss or mutation of the host 
cell tumor suppressor gene, p 53 and expression of the E6 and E7 
transforming genes of human papilloma virus (HPV). In vitro studies 
suggest that the normal or wild type p53 gene can revert the phenotype 
of malignant cells or induce programmed cell death. The constitutive 
epidermal vector is used to target expression of the normal p53 gene to 
cause reversion to a non-malignant phenotype or induction of programmed 
death in vivo. In cancers where HPV is suspected of being the etiological 
agent, the constitutive vector is used to target expression of antisense 
RNA specific for the E6 and E7 genes of HPV. 

EXAMPLE 9 

Utilization of the epidermal vector svatema in 
gene therapy approaches to paoriaflia 

Psoriasis is a common inherited skin disease which affects 
approximately 4 million individuals in the U.S., 20 million world-wide. It 
is characterized by the presence of inflamed scaly skin. Although the 
specific defect for psoriasis is not known, inappropriate expression of 
growth factors, and cytokines appears to be responsible for its 
pathogenesis. Epidermal vectors are used to inhibit the mitogenic effects 
of positive growth factors produced in psoriatic lesions by expressing 
negative growth factors which induce growth arrest of epidermal cells. 

The inflammation observed in psoriasis most likely results from 
inappropriate expression of cytokines. Targeted expression of soluble 
cytokine receptors prevents stimulation of an inflammatory infiltrate in 
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this disease. In another approach, aniasense RNA is directed against 
transcripts of positive growtti fectors or cytokines. These approaches have 
therapeutic potential for other dermatoses resulting from inflammation. 
All patents and publications mentioned in this specification are 
5 indicative of the levels of those skilled in the art to which the invention 
pertains. All patents and publications which are incorporated herein by 
reference are incorporated to the same extent as if each individual 
pubUcation was specifically and individually indicated to be incorporated 
by reference. 

1® Oiie skilled in the art will readily appreciate that the present 

invention is well adapted to cany out the objects and obtain the ends and 
advantages mentioned, as well as those inherent therein. The bioreactors, 
nucleic acid sequences, transformed epidermal cells, loricrin constitutive 
vector and keratin K6 inducible vector, alon^ with the methods, 

15 procedures, treatments, molecules of specific compounds described herein 

are presently representative of preferred embodiments, are exemplary and 
are not intended as limitations on the scope of the invention. Changes 
therein and other uses will occur to those skilled in the art which are 
encompassed within the spirit of the invention as defined by the scope of 
20 the claims. 
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20 
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30 
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(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 



(viii) ATTORNEY/AGENT INFORMATION: 
35 (A) NAME: Paul, Thomas D. 

(B) REGISTRATION NUMBER: 32,714 

(C) REFERENCE/DOCKET NUMBER: D-5405 



W0 93/2243T 



PCr/US93/03993 



5 



-26. 

(ix) TBM:cOHMUWrC&TION INFORKATION: 

(A) TELEPHONBx 713/651-5325 

(B) TELEFAX: 713/651-5246 

(C) TELEX: 762829 



(2) IKFORMATIOir FOR SBQ ID NOtl: 



(i) SEQUENCE CHARACTERISTICS; 
10 CA) LENGTH: 6530 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGr: linear 

15 (ii) MOiacoLE TYPE* DNA (gencniic) 

(iii) HYPOTHETICK.X NO 
iLyr) ANTI-SENSE: NO 

20 

(xt) SEQUENCE DESCRIPTION; SEQ ID N0:1: 
25 GGATCCTGAT ATAGCTGTCT CTTTTGAGAC TATCCCGGGG CCTAGCAAAC ACAGAAGTG6 60 
ATGCTCACAG TCAGGGATTG G6TGAATCAC AGGGCCCCCA ATGTTGGAGC TAGAGAAA6A 120 
ACCCAGGGAG CTGGGGGGAT CACCTGAGTT CATACT6TCC AAACTGAAAC AA6TGGCACA 180 

30 

AGTTTCTGAG AGCCAAAGTC TAATCAGGAT CGTTtAGATC ATTAATGGTC CCCCATAATT 240 
AAGACAATTT CTGATTAGAA TTATTCTTTC AACACAGCTG GGTGGAACAA G6TTCAACAG 300 
35 TGGTATCTTA ATAGCAACTG AGTTCCAATG ATGAAAGAAA GGAAAAACAC TATGTTCTTC 360 
ATACACAGAG GGGGGCTGCT CTTGGCCCTA GGGTCATCAG AGAACTGAGT AAATCTTATA 420 
GGAAAATAGT TAAGATGTCT TCACACACCT CCTTTCCAAT AGGGTTCAAG GGCAGGCATG 480 
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ATTGGAAGGA AAA6T6TTCT 6TCAT6TGAG 
ATGTAGTACA TTCATATTTC ATAACTTCCA 
5 ATTCCT6CTT GOTAGACCAA AT6GGGATCA 
ACT6CCCTGT TG6TGGCATT GCATGAACTA 
AATAGTAATG GAAGACCTGA ACCCAACTGA 

10 

CATCTCAGAG GTGAGAGTCA CTGTGGAGCG 
TGAAAAGGCT GCCAGGGTCT GTCTTGTTAG 
15 AGTAACAAAG ATCAAAACAC CTGCTCTCAC 
GCTAGTTACA GTGCT6TCTT TTCOGTGGTA 
AACTCTCACA ACCAATAAAG TAAGGAGAAC 

20 

TGGAATGGAG AAATTGTGGC ATAAGAGATG 
ATGAAATTAA AACCAAACAT CAAAATTGGA 
25 AGACAATGTC TTAGATCTCT AGATTCCGTA 
TCTAGAATAG CCCTCTGGTT ATGGCACGCA 
GCCATCGACA CTGCTGGCCA TCTCTAATGA 

30 

GGCCAGTCAT ACACCAAACT GCCTATCCCT 
GTCAATCCTT CCCCTGCAAT CACAGGGAGG 
35 GGACAAGAGT ATAAAACACA GGAGCACCAG 
TGACTCATCT TCCCTGGTGC TTCAGGTAAG 
AGTTGGCCTT GCTCAGCTTG CAGAGAGGTT 
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AAAAGAGCAA AAGTATTAAT ATCACATACT 540 
TTTTCATGTT TCTGTGAAAT AAATTATAGG 600 
GACAGCTCAA CAATGAACAA GTACTCAGTA 660 
CTGTGCTTTG CCCATGGTGA CATAGCTTGA 720 
GATCTCTAAG TACATTCCAC TCTATGGTGG 780 
CCATAGGACA TCAGAATCAA AGGGTCATGG 840 
TTCTCACCTT TGTAAGTAAA GTCAGTAGTC 900 
AAGGAATAAC TTAAAGTAGA CTAAAGTCAT 960 
CCATCCCAAA CTGG6AGCTG GGGACTCACG 1020 
AGAAGCAACC CAATGAAGTG TTCATGAAAC 1080 
GATTCTAAAA TTTTGAGAAT TTCCAAGATA 1140 
AAGATACAAC TGAACTAGCT TCTATGTCTT 1200 
AGGCTGCTTC ACAAGTCTGC AACCTAGTCC 1260 
ACCTATACAG AAGTTTTGAA AACaUlTTTCT 1320 
CCAACCTGCT GACTGTTACA TCAGAGAAGT 1380 
ATCCCAAGAA TTTGAAATCT TCATGAATGG 1440 
AGGTGCCTGA TCAATAGATG AGTCAGAGCA 1500 
TGTCCCTCAC ATCAGCATCA CCTCCTTCCC 1560 
TGTGGGCTCT CCTGGCTGTC TGGTCTCTCC 1620 
AAGGAACA6A GCCTTTCTCC CCTTTGGAAG 1680 
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aTACTCTGTX CAAATTGAGA AGGGCTTTAG GAAAGCACTG GGAGAGTGGT AAGCTGGTGC 1740 
TGGGCAGATG ATGTGTCTGG TCTTCTGGGC AGAATGTTAA AACTTCACAA AGATATGACT 1800 
5 ATCTCCTACT TCTCTG6CAC CGTGGGAGCT GAGGGTTAGA ATACTGGATG ACTGCAGTGG 1860 
CAGGCCTCCA TGGGCTGGAT GAACCTTITG AACCTGCCAG AAGTGGCTGA ATACACTATC 1920 
AGGAAGGGA6 AGGGACGATA AGTCATAGAA TGGTGCTCAT GGGAGATTTG AGAAGCCACA 1980 
AAAACCCAAG CTCTGCTTTA TGAGGGCAGA TGTTCTGACA GATAAATGAC TTGTGAGGTG 2040 
CTGAACTACA CAGCTTCCTA TTAGCTACAG CTAATTGGAG TCTACCAAAT TTAGACTCCT 2100 
15 GCATATCTCA AAAAGATGTC TACTTTCMC TCGTTAGATG TACTGGTCCA AAAGGTTCAG 2160 
AGTTCTTGCA TTTGTTTGCA GACAGGACCA CAGTAGAGCT GTCTTGTCTA ATAATTGGCC 2220 
CTTGGAGGAT ATCTCaiCTCSA ATAGGACAGA TCAAGAGWT AAACTAAGGA CTTTATACA6 2280 

20 

GAAATGCTAA TGTCCaAACA AATCTTTTCT tATTGTGCTG GGAGTGGATA AAATCCACGT 2340 
GGAATTTTTG CAACTTTCTA CTCAATTTAA AGAATCSAGCA GTGGGACTTG GGAGCACCCT 2400 
25 TAGAGATGGA GTOTTTA-CTA ATGTAAGATC AAAAGCAGGT GGGAATGTGG GGGTTCTGCT 2460 
TCCCAAATCA CATAGTAGAA GAAAGGCAGA GTTGAGGGAA AAGGGGGTCA CTATTAACGG 2520 
GACTTTTGAA GAGCTAACCA GTCCAG6AAT GGAGTCCSAGA CACCTAGTCT GCATAAAGCT 2580 

30 

AGGAGTCAGA AGTATGTTGG CATGGATGOV TCTGCCSACCT TCACAOCGTC CTCXTGCTGC 2640 
TGTTGGTCTA ATGTTGCTCT TCTGCTCTTC TTCCAGGGM CCCCTTCTCC MAAACAA6A 2700 
35 TGTCTCACCA GAAAAAGCAG CCCACTCCCT GCCCTCCTGT GGGTTGTGGA AAGACCTCTG 2760 
G7GGAGGAG0 AGGCGGCGGC G6CTATTATA GCGGTGGCGG CTCTGGCTGC GGAGGCGGCT 2820 
CATCTGGAGG AGGCTCTAGC TGXGGAGGCG GAGGCGGTGG TTCCTATGGA GGTGGTTGCA 2880 
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QCTGCG6CGG T66A66CGGC TCCGGTGGG6 
CTAGCTGCGG CGGCGGCTAC TCCG6A66C6 
5 CT6GGGGCG6 CGGCG6CTCC AGCTGCGGAG 
6CT6CGGOG6 CG6GA6CTAC TCCGG6GGTG 
6TGGG6GC6T CAAGTACTCC G6AGGTGGTG 

10 

CCTCCGGGGG CG60GGOGGC GGCTCGA6CT 
ACTGCGGAGG CTCCTCTGGA GGCG6CAGCT 
15 GCAAGTACTC TG6TGGOGGC GGTCGCTCCA 
GAAGCAGCGG OGGCTCTAGC TGTGGOGGOG 
GCGGCGGCGG OGGCTATTCC GGTGG06GCG 

20 

GCGGCGGCGG CGGATCGTCC CAACAGTATC 
GTGGCTCCAG CTGCGGCGGC GGCTACTCCG 
25 ACTCOGGGGG CGGAGGCTCT AGCTGCGGAG 
GCGGGAGCGG CGGCGGCGGC 7ATTCCGGTG 
CTGGCGGCGG AGGGGGCTAT TACTCCTCTC 

30 

AGCAGAGC7A CGGAGGGGGC TCTTCCGGAG 
GCGGCGGTGG CGGCGGTGGC TGCTACTCCA 
35 GTGGAGGCTA CtCCGGAGGC GGCGGTGGCT 
GTGGCTGCGG AGGTGGCTCT TCCGGAGGCA 
GAGGCGGAGG CGGTGGCTCC AGCTGCGGAG 



-29- 

GCGTCAAGTA CTCCGGAGGC GGCGGTGGCT 2940 
GTGGTGGCTC TAGCT6CGGC GGT6GCTACT 3000 
GTGGCTACTC CGGAGGCGGC GGC6GCTCCA 3060 
GCTCCAGCTG TGGAGGCGGT GGCGGCTCTG 3X20 
GCGGCGGCGG CTCTAGCTGC GGCGGCGGCT 3180 
GCGGAGGCGG ATCAGGAGGC GGCGGCTCCT 3240 
CCGGTGGCTG CGGCGGCGGT TCCGGAGGCG 3300 
GCTGCGGAGG CGGCTATTCC GGCGGCGGTG 3360 
GCTACTCAGG TGGCGGTGGA TCCAGCTGCG 3420 
GCACGAGCTG CGGAGGTGGT TCCTCCGGTG 3480 
AGTGCCAGAG CTACGGAGGC GGTTCTAGCG 3540 
GGGGCGGAGG CTCCAGCTGC GGTGGCGGCT 3600 
GCGGCTCCTC TGGTGGTGGC TCCAGTTGCG 3660 
GTGGCGGTGG CAGCTGCGGC GGCGGCTCCT 3720 
AGCAGACCA6 TCAGACCTCC TGCGCCCCCC 3780 
GAGGTGGTAG CTGTGGAGGT GGCTCCTCTG 3840 
GCGGTGGTGG CGGCAGCAGC GGTGGCTGC6 3900 
GTGGCGGCGG CTCTTCCGGG GGCAGCGGCG 3960 
GCGGCGGTGG CTGCGGAGGA GGCTACTCCG 4020 
GCGGCTCCTC TGGTGGCGGC TCTGGAGGTG 4080 
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GCAAGGGTGT GCCA6TCTGC CACCAGACCG 
AGTAAGGTCat CCGGGTTGCA ACGGAGACAA 
5 ATGGGCTTAA CTTTCTCATG AATTTGCCTG 
CCCTXCCCCC AGAAGAAGCC ATTGA6TCGC 
ATCTTGGTTT CTGAATGACT ACCTCCCAAT 

10 

ATTGATGAGA ATCTCTGAGX TTGCTCTAGT 
TCTGXGXTTG CTTXTTCCAT TCATTAGTTC 
15 CCCAAGGTGG GGGAGTAGAT AGATGGAAIHS 
CTGGGGTGW? GCTTAAAAAT CATGAGATGG 
ACATCCTACA CATCACTGAA ATTGGGCCTG 

20 

CTCTCCAAGT TCTG6AAGGA GGATGGCTCt 
CCACTGACAT GtrXCTGACCT AAGAAGAAGG 
25 CATGCGATC!^ TCCGGAACAC TATAACTACT 
GAGGCAAAGA TACAAACCCT CTATCXCTTC 
TACCTTCTTA CCAGCGCACG TCTCCTGAAT 

30 

AGAAAAATAT TATATCAGAT AATCAAGAXC 
ATCTATAGAG ATAGAAGGCA GCCCTCTTGA 
35 GAGAAGGTAC ATCGTAAOTA TTTAAGATGC 
ACATTAGGGG CCTCCTGATT AQCAAGCATA 
AACCATCCCC TGGCCAGATC CTGTTTTACA 



-30- 

AGCAGAAGCA GGCGCCTACC TGGCCGTGCA 4140 
CAGAGCTGGA AGAGTTCTCC GXGGPC6CCG 4200 
AGGTTTCCAA ACCGTTCACA TTTTAAGCQC 4260 
TCAAGGTGTA TCCTGTTCTG CAGATXTTTC 4320 
TCTAGTGTCT CCTCAGTCAA TAAATXTGCT 4380 
CTXXGTAGCX TGCAAATXTA CTCAGTTC5AT 4440 
ACJATTTAAAT TCACTGAACA AGtGTTCTAT 4500 
GGGGAAAGGA TGACCAAGGT TGTGAACAGT 4560 
TCCTGAftAGA CCAAGAAAAG TCTTCACTGG 4620 
CGCAGGCAAT TTCTAGCAGT GCAGAGTTCA 4680 
CAGATXAGGT TAGCTACGAG AGGTCCAAGT 4740 
ACATTGACCC CTGAACAAAA GACCCCTGCC 4800 
TXCCTTACTC ATGACCCATG ATAGAGCTTT 4860 
TGAAGATTGC CAGTTCTTCA TTAAGCCTGA 4920 
ACTGATAAAG TCTGGTTTTG TTAGTCTGTT 4980 
CTCTACAGTG TGTGAGACAG TTXACTGAGC 5040 
AGGATTGAAC GCGTACGTTT CGTCCAATTT 5100 
TTAACATCAG TATCACAGAG GTCACrGGAA 5160 
AAGCTAGAGT TGCTCAAAGG CATGTGTAAC 5220 
GTCAGATTTT ATCAGCTTTA GGTAAATGCT 5280 
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AACTTACT6A CTTACtCAAG TTAATTTTGC 
TTTAGCTAAT GAtAGAAATA AAAAGATTTC 
5 CCTTCATCAT TTGCATCAGA GATAGAGCAT 
CTTACCACCA CATTTTTATG GATTAAATGT 
AATACACTCT GATTACTCAC TTCCCTATCC 

10 

CAATCCTTAC CTTCCCTACA ATTCCCTTTA 
TTGTGACCCA CTGAGCTAAC CAGGGCCATC 
15 ATCCCACTGG GTACACAACT GAAAGTAGTG 
ATAATTCAAC AGGGAATGGT GGGGCTCTCT 
CTTGTGCAGG CCTAGTGCAG ACAACCATAG 

20 

GTTATACATA GGAGATAGTA TTTTGGAGCC 
TTCTCTTTTA GGATGTTCCT TGAGTCTTTG 
25 GTTGTCATTT ATTTTCAGAA TCTTGAGCAT 
ATACTAAATT TTTGTACAGA TTTTTCATAT 
ATTTTTCTCT CCTCTAACAC TGCACTGCTC 

30 

TATTTTCCCT CTTTGCTtTC ATTTTATCTA 
CTCACTACCA ATAACCCTTT TCTAAACTGG 
35 GCAGAAGTAG ATGGAGCAAT GTGAACTCAT 
GCCAGCCCGG ACTATGTAAT AGGACCCTGT 



^1- 

TATACTAAAA AGCCAATGTG CCTTCCTACA 5340 
ATCTCACTCT TCCATTTGGA GTCATCACTA 5400 
GCCAAGTAGC AACCTCAGTG ACACAGTAGT 5460 
ATTTTTTTTA GCATGGTTAT ATGTGCATAT 5520 
TTTCTTACTC CTCCCCATCC CAACCTGTAT 5580 
CCATGTTTTT GTTAGTTTTG TTGGTTTGTT 5640 
TGTATGACCA TGGGXTTGGA TTCTGATGGA 5700 
ACTCCCCTTC ACAGAATCTA TCAGTAGACA 5760 
CCATCCTTGG CTAACTGTTG ACAGGACAGT 5820 
TTGCTGTGAG CTCATG7TTG CAATGGCTGT 5880 
ATTATCCATG TCTGGCTCTT ATATTCCACC 5940 
AGGAATGTTT TGGTTAGAAC CGAGTGCTCA 6000 
CAAAGGATAC ATAAGATATT ATATTATAGG 6060 
ACCCTTCATA TTGGTTAACC ATAATCCCCA 6120 
CGATACCAGA TGAAACCTTT CAACTCCATG 6180 
TATTGTATGA TCTCAACTCC CTTAATCTAT 6240 
TAGCCTACAA CTTTAGTTCC AGTACTTGAT 6300 
GCTCAGCCTG GTCTATGGAA TGGGTTACAA 6360 
CTCAAAAACA ACTAAACCAA ACAAACAAAC 6420 
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AA&CaAAGAA. CAftACAAAG^ AftCM^CCAA. JU)ATCTCA&C CaTTTCTAGT TTTTCTACTX 6480 
TTTACTTGAA CATCAAGTTA AGCATAACTA AAGTTTCAAA AATAGGATCC 6530 
5 (2) INPOBMATIOM FOR SBQ ID HOj2s 

(i) SKQUENCE CHARACTERISTICS: 

(A) X^NGTH: 5092 base pairs 

(B) TXPSx nucleic acid 
^0 (C) STRANDEDNSSSt double 

(D) TOPOLOGZ: linear 

(ii) MOLECUZ^ TXBEtONA (genomic) 
15 (iii) H5ra»OTHBTXCAL: NO 

(iv) ANTI-SENSE t NO 

20 

(xi) SEQUENCE DSSCRIPTI<»rx: 8EQ ID NOt2t 
GGATCCT6AT ATAGCTGTCT CTTTTGAGAC TATCCCG6GG CCTAGCAAAC ACAGAAGTGG 60 
25 ATGCTCACAG TCAGG6ATTC GGTGAATCAG AGGGCCCCCA ATGTTG6AGC TAGAGAAAGA 120 
ACCCAGGGAG CTGGGGGGAT CACCTGAGTT CATACTGTCC AAACTGAAAC AAGTGGCACA 180 
AGTTTCTOAO AGCCAAAGtC TAATCA66AT C6TTTAOATC ATTAATGCTC CCCCATAATT 240 

30 

AAGACAATTT CT6ATTA6AA TTATTCTTTC AACACAGCTG GGT66AACAA GGTTCAACAG 300 
WSGTATCTTA AtAGCAACTG AGTTCCAATG AZGAAAGAAA GGAAAAACAC TATGTTCTTC 360 

35 ATACACAGAG GGGG6CTGCT CTTGGCCCTA GGGXCATCAG A6AACT6AGT AAATCTTATA 420 
G6AAAATAGT TAAGATGTCT TCACACACCT CCTTTCCAAT AGGGTTCAAG GGCAGGCATG 480 
ATTGGAAGGA AAAGT6TTCT GTCAT6TGAG AAAAGA6CAA AAGTATTAAT ATCACATACT 540 
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AT6TA6TACA TTCATATTTC ATAACTTCCA 
ATTCCTGCTT GGTAGACCAA ATGGGGATCA 
5 ACT6CCCTGT T66TGGCATT 6CAT6AACTA 
AATAGTAATG 6AAGACCTGA ACCCAACT6A 
CATCTCAGA6 GTCAGA6TCA CTGTGGAGCG 

10 

TOAAAA6GCT GCCAGGGTCT GTCTTGTTAG 
AGTAACAAAG ATCAAAACAC CTGCTCTCAC 
15 GCTAGTTACA GTGCTGTCTT TTCOGTGGTA 
AACTCXCACA ACCAATAAAG TAAGCAGAAC 
TG6AATGGAG AAATT6TGGC ATAAGAGATG 

20 

ATGAAATTAA AACCAAACAT CAAAATTGGA 
AGACAATGXC TTAGATCTCT AGATTCOGTA 
25 TCTAGAATAG CCCTCTGGTT ATGGCAOGCA 
GCCATCCACA CTGCTGGCCA TCTCTAATGA 
GGCCAGTCAT AGACCAAACT GCCTATCCCT 

30 

GTCAATCCTT CCCCT6GAAT CACAGGGAG6 
GGACAAGA6T ATAAAACACA GGAGCACCAG 
35 TCACrCATCT TCCCTGGTGC TTCAGGTAAG 
AGTT6GCCTT GCTGAGCTTG CAGA6AGGTT 
GTACTCTGXT CAAATTGAGA AGGGCTTTAG 



-33- 

TTTTCATGTT TCTGTGAAAT AAATTATAGG 600 
GACAGCTCAA CAATGAACAA GTACTCAGTA 660 
CTGTGCTTTG CCCATGGTGA CATAGCTTGA 720 
GATGTCTAAG TACATTCCAC TCTATGGTGG 780 
CCATAGGACA TCAGAATCAA AGGGTCATGG 840 
TTCTCACCTT TGTAAGTAAA GTCAGTAGTC 900 
AAGGAATAAC TTAAAGTAGA CXAAAGTCAT 960 
CCATCCCAAA CTGGGAGCTG GGGACTCACG 1020 
AGAAGCAACC CAATGAAGTG TTCATGAAAC 1080 
GATTCTAAAA TTTTGAGAAT TTCCAAGATA 1140 
AAGATACAAC TGAACTAGCT TCTATGTCTT 1200 
AGGCTGCTTC ACAAGTCTGC AACCTAGTCC 1260 
ACCTATACAG AAGTTTTGAA AACSAATTTCT 1320 
CCAACCTGCT CACTGTTACA TCAGAGAAGT 1380 
ATCCCAAGAA TTTGAAATCT TGATGAATGG 1440 
AGGTGCCTOA TCAATAGATG AGTCAGAGCA 1500 
TGTCCCTCAC ATCAGCATCA CCTCCTTCCC 1560 
TGTGGGCTCT CCTGGCTGTC TGGTCTCTCC 1620 
AAGGAACAGA GCCTTTCTCC CCTTTGGAAG 1680 
GAAAGCACTG GGAGAGTGGT AAGCTGGTGC 1740 
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10 



-34. 

TGGGCAGATG ATGTGTCTGG TCTTCTGGGG AGAATGTtAA AACTTCAGAA AGATATGACt 1800 
ATCTCCTACT TCTCTGGCAC CCTGGGAGCT 6AGGGTTAGA ATACTGGATG ACTCCA6TGG 1860 
5 CA6GCCTCCA TCGGCTGGAT GAACCTTTTG AACCTGCCAG AAGTGGCTGA AXACACTATC 1920 
A6GAAGGGAG AGGGAC6ATA AGTCATAGAA TGGTGCTGAT GGGAGATTTG AGAAGCCACA 1980 
AAAACCCaAG CTCTGCTTTA TGAGGGCAGA TGTTCTGACA 6ATAAATGAC TTGTGAGGTG 2040 
CTGAACTAGA CAGCTTCCTA TTAGCTACAG CTAATTGGAG TCTACCAAAT TTAGACTCCT 2100 
GCATATCTCA AAAAGAT6TC TACTTTCTTC TGGTTAGATC TACTG6TCCA AAAGGTTCAG 2160 
15 AGTTCTTCCA TTTGTTTGCA GACAGGACCA GAGTAGAGCT GTCTTGtGTA ATAATTGGCC 2220 
CTTGGAGGAT ATCTCACTCA ATAGGACAGA TCAAGAGTTT AAACTAAGGA CTTTATACAG 2280 
6AAATCCTAA TGTCCAAACA AATCTTCTCT TATTGTGCTG GGAGTGGATA AAATCCAOGT 2340 

20 

GGAATTOTTG CAACTTTCSTA CTGAATTTAA AGAATCAGCA CTGGGACTTG GGAGCACCCT 2400 
TAGACATGGA GTGTTTATtA ATGTAAGATC AAAAGCAGGT GGGAATGTGG GGGTTCTCCT 2460 
25 TCCCAAATCA CaVTAGTAGAA GAAAGGCAGA GTTGAGGOUV AAGGGGGTCA CTATTAACGG 2520 
GACTTTTGAA GAGCXAACCA GTCCAGGAAT GGAGTCCAGA CACCTAGTCT GCATAAAGCT 2580 
AGGAGTCAGA AGXATGTTGG CAXGGAXGCA XCXGCCAGCT XCACAGCGXC CXCXXGCXGC 2640 

30 

XGXXGGICXA AXGXXGCXCX XCXGCXCXXC XXCC»GGGXX CCCCIXCTCC XXAAACAACA 2700 
XCGAXAAGGX CACCGGGXXG CAACGGAGAC AACAGAGCXG GAAGAGXXCX CCXJXGGGCGC 2760 
35 CGAXGGGCXX »ACXXICXCA XGAAXXXGCC XGAGGXXXCC ARACCCXXCA CAXXXXAAGC 2820 
GCCCCXXCCC CCAGAAGAAG CCAXXGAGXC GCXCAAGGXG XAXCCXGXXC XGCAGAXXXX 2880 
XCAXCXXGGX XXCXGAAXGA CTACCXCCGA AIXCXAGXOX CXCCXCAGXC AAXAAAXXXG 2940 
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CTATTCAT6A 6AATCTCT6A GTTT6CT6TA 
ATTCTGTGTT TGCTTTTTCC ATTCATTAGT 
5 ATCCCAAGGT GGGGGAGTAG ATAGAT6GAA 
GTCTGGGGTG TGGCTTAAAA ATCATGAGAT 
GGACATCCTA CACATCACTG AAATTGGGCC 

10 

CACTCTCCAA GTTCTCKSAAG CAGGATGGCT 
GTCCACTGAC ATGTTCTGAC CTAAGAAGAA 
15 CCCATGCGAT CTTCCGGAAC ACTATAACTA 
TTGAGGCAAA GATAGAAACC CTCTATGTCT 
GATACCTTCT TACCAGOGCA CGTCTCCTGA 

20 

TTAGAAAAAT ATTATATCAG ATAATCAAGA 
GCATCTATAG AGATAGAAGG CAGCCCTCTT 
25 TTGAGAAGGT ACATOGTAAG TATTTAAGAT 
AAACATTAGG GGCCTCCTGA TTAGCAAGCA 
ACAACCATCC CCTGGCCAGA TCCTGTTTTA 

30 

CTAACTTACT CACTTACTGA AGTTAATTTT 
CATTTAGCTA ATGATAGAAA TAAAAAGATT 
35 TACCTTCATC ATTTGCATCA GAGATA6AGC 
GTCTTACCAC CACATTTTTA TGGATTAAAT 
ATAATAGACT CTGATTACTC ACTTCCCTAT 



•35. 

GTCTTTGTAG CTTGCAAATT TACTCAGTTC 3000 
TCACATTTAA ATTCACTGAA CAAGTGTTCT 3060 
TGGGGCAAAG GATGACCAAG GTTGTGAACA 3120 
GGTCCTCAAA CACCAAGAAA AGTCTTCACT 3180 
TGCGCAGGCA ATTTCTAGCA GTGCAGAGTT 3240 
CTCAGATTAG GTTAGCTACC AGAGGTCCAA 3300 
GGACATTCAC CCCTGAACAA AAGACCCCTG 3360 
CTTTCCTTAC TCATGACCCA TGATAGAGCT 3420 
TCTCAAGATT GCGAGTTCTT CATTAAGCCT 3480 
ATACTGATAA AGTCTGGTTT TGTTAGTCTG 3540 
TCCTCTACAG TGTGTGAGAC AGTTTACTGA 3600 
GAAGGATTGA ACGCGTACGT TTCGTCCAAT 3660 
GCTTAACATC AGTATCACAG AGGTCACTGG 3720 
TAAAGCTAGA GTTGCTCAAA GGCATGTGTA 3780 
CAGTCAGATT TTATCAGCTT TAGGTAAATG 3840 
GCTATACTAA AAAGCCAATG TGCCTTCCTA 3900 
TCATCTCACT CTTCCATTTG GAGTCATCAC 3960 
ATGCCAAGTA GCAACCTCAG TGACACAGTA 4020 
GTATTTTTTT TAGGATGGTT ATATGTGCAT 4080 
CCTTTCTTAC TCCTCCCCAT CCCAACCTGT 4140 
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-36- 

ATCAATCCTT ACCTTCCCTA CAATTCCCTT TACCATGTTT TT6TTAGTTT TGTTGaTTTG 4200 
TTTTGTGACC CACTGAGCTA ACCAGGGCCA TCrGTATGAC CATGGGTTT© GAtTCTGATG 4260 
5 laATCCCACT GGGTACACaa CTGAAACTA6 TGACTCCCCSP TCACAGAATC TATCAGXAGA 4320 
CAATAATTCA ACAGG6AATG GTGG66CTCT CTCC»TCCXT G6GTAACTGT TGACAGGACA 4380 
6TCTT6T6CA OGCCTA6TOC AGACAACCAT AGTTGCTGTG AGCTCATGTT TGCAATGGCT 4440 
OTOITATACA TAG^ATAG TATTTTCeAO CCATTATCCA TOTCTOGCTC TTATATTCCa. 4500 
CCTTCTGTTT TAGGATGTTC CTO6AGTCTT TGAGGAATGT TTTGGTTA6A ACGGA6TGCT 4560 
15 CAGOTGTCAI TTATTTTCA6 A3WCTTCAGC ATCAAAGGAT ACAaSRAffllTA TTATATTATA 4620 
GGATACTAAA TTTTTGTACa. GATCTITQAr ATACCCTTCA TATTGGTTAA CCSITAATCCC 4680 
CAATTTraCT CTCCTCXRAC ACTCCACTGC TCCCATACCA 6ATOAAACCT TTCAACTCCA 4740 

20 

TGTATTTTCC CTCTTOOCiPT TCATTTTATC TATATT6TAT 6ATCTCAACT CCGTTAATCT 4800 
ATCre&CTAC CAATAACCCT TTTCTAAACT GGTAGCCTAC AACTTTAGTT CCAGTACTTG 4860 
25 AT6CA6AAGT AGAIGGA6CA AT6ISAACTC ATGCTCaMSCC TGGXCTATGG AATGG6TTAC 4920 
AAGCCAGCCC GGACTATGTA ATAGGACCCT GTCTCAAAAA CAACTAAACC AAACa«ACAA 4980 
ACaiAACaAAG AACAAACAAA CARACAAACC AAAAATCTCA ACCATTTCTA GTTtTTCTAG 5040 

30 

TTTTTACTTG AACATCAAGT TAAGCATAAC TMAGTCTCA AAJV&TAGGAT CC 5Q92 
(2) INFORMATION FOR SEft ID N0s3: 

35 (£) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5159 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: dotxble 
(DJ TOPOLOGYt linear 
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-37- 

(11) MOLECULSE TYPE: DNA (genomic) 
(ill) HYPOTHETICAL: NO 
5 (iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

10 

GGGAAAACCT GTGTGGTGAG 66G6CACACA GGGAGTGTCT ACATGGGGCA AGAAGGAAAG 60 

G6ACAATTAT CACAGATCAG CTCCTTGTCT CTTTTGTTTG AGAAGATGAC TAACTCATGA 120 

15 CTTAAGAGAA TTTAOGTCCT GGCTCATTGT GTTCAGATCA AGTCAAGGCT GGAA6GCAGG 180 

AGAATTTGCT CCGT6ACTAA AGGAATCCAA AAGCAATCTT CATGTATCAT ACCTTTCTAG 240 

AACTTGGGGG TGATCTCATT ATTTGTAAAG CCCTGCCCTA CCCACTCTGC AAGCTCACCA 300 

20 

TCAGGACCCA ACCCAGCCCA TCTGTACCAT ATATAAOCG6 CTGCCCAGAG CTCAACACAC 360 

TCATCTCTTC AGCTCT6CCC TGCCCTTTCT CTACTTCCCA GCCTTCTCAT CTCCAGGAAC 420 

CATGTCTACC AAAACCACCA TCAAAAGTCA AACCAGCCAC OGTGGCTACA GTGCCAGCTC 480 

AGCCAGAGTG CCTGGGCTCA ACCGCTCTGG CTTCAGCAGT GTGTCCGTGT GCCGCTCCCG 540 

GGGCAGCGGT GGCTCCAGTG CAAT6TGTG6 AGGAGCTGGC TTTGGCAGCA GGAGCCTCTA 600 

TGGTGTGGGG AGCTCCAAGA GGATCTCCAT CGGAGGGGGC AGCTGTGGCA TTGGAGGAGG 660 

CTATGGCAGC CGATTTGGAG GAAGCTTCGG CATTGGAGGT GGAGCTGGTA GTGGCTTTGG 720 

CTTCGGTGGT GGAGCTGGCT TTGGTGGTGG CTATGGGGGA GCTGGCTTCC CGGTGTGCCC 780 

ACCTGGAGGC ATCCAAGAGG TCACCATCAA CCAGAGCCTC CTCACACCCC TGAACCTGCA 840 

AATTGACCCC ACCATCCAGC GGGTCAGGAC TGAGGA6AGG GAGCAGATCA AGACCCTCAA 900 
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-38- 

TayiaVAGTXT GCCTCCTTCA TCGACAAQGT GAGACATGGO! CCTCCCTAGA GCACCCTGTG 960 
TGTCTACAGG GAATGCTGAA CAGAGGT6TA GGGAAGAGGC TTGAGTCTCA GCTCTGATAC 1020 
5 TGCCTGTGTO GCTAGTTGAT GCTCTGTCCT GGTTTGTGTT CCTCtXCAGT TAGACTGGCA 1080 
TCTGGAAATC AGGGTCAGCG TTCCTCTGCT CCAGAGGTTG GCCTATAAGG GTGTCTGGTC 1140 
CCAGtGGACT GAGATGACTT AAAGACTCAC AAAACAGGCT TGTAGGGAAA TGGAAGATTA 1200 
TAACTATGTA TAGTGCAGTT GGGAGG€3!LTG CCAGCCTCAC TAAGC 1260 
CAAGCCATGG CTAACCTGCC AGTGCCCTAC ATGA6TTCTC TGCCCTCCTT AGAGAGGTGG 1320 
15 CATTGGGTGC TTCAGTCTGG ACTCtETTCCC TCAGACCCAG GGTCAGGGTC TAACTACACT 1380 
GAAT6AGTTT AGTCAGACAG CCTGAGAGGG TACACACACT AGTGAAGTGT TCATAGAAGG 1440 
ATGAAACCCA AACTTCTCCC CCTC31TACTT GCCCCCCCGC CCCCACCAGG TGCGGTTCCT 1500 

20 

GGAGCAGCAG AACAAGGTCC TCGAGACGAA GTGGGCCCrCG CTGCAAGAGC AGGGCACCAA 1560 
GACOSTGAGG CAGAACCTGG AGCCTATGTT TGAGCAGTAC ATCAGCAACC TCCGCAGACA 1620 
25 GCtGGACAGC ATCATTGGAG AGAGGGGTCG CCOJGGACTCA GAGCTGAGGA ACATGCAGGA 1680 
CACAGTGGAG GACTACAAGA GCAAGTGAGT TACAAAGAAG GGA6AATCCA GTCTCCGGAC 1740 
TTTATAaUkAA TGGAAGCCC31 AATC?TAAACA AGGGCTCCAT GATGTAAGAA AGCTTGGTCA 1800 

30 

CATCTGGGAC AGAGGCTGCC ATTCATACCA TCCACCCCGT GGCTCCAATA TAGTCCACCT 1860 
TTCCTCTTGT AGATATGAAG ATGAAATCAA CAAGCGCACA GCAGCAGAGA ATGAATXCGT 1920 
35 GACCCTOAAQ AAGGTGAGTT GACTAACCAC AAGGATGGGT TTCTCTqCGG AATGACATAA 1980 
AAGGCCTTGT ATATCTGCGT CATTCCAGAG AAATGGTGGT TAGAGG6AAA GAAGTGAACXJ 2040 
GTCTGGGGAA GAGAGGXAAC GTGATTCCAT GTTCtTGATG GTTTTCTCAG GATGTAGATG 2100 
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CTGCCTACAT 6AACAAAGTT OAACTGCAAG 
ACTTCTTGAG AGCTCTCTAT GAAGCAGTAA 
5 TCACCAC7CC CTTTATTTTT TTCCCCCTGG 
GACAAAGATG ACTATGGCTC TTTCTGTCCT 
CTCAGACACA TCTGTGGTCC TCTCCATG6A 

10 

CATCGCTGAG 6TCAAGGCCC AGTATGAGGA 
GTCCTGGTAC CAGACTAAAG TGAGTATTGG 
15 ACCCTGAACT CCATGA6TCT CTGAGTTCAG 
GTTGTCCCAG AAAATGCACT GXGCACATGT 
AAAGAACACA 6AGGTAGATG CAAAGTTGCC 

20 

TGTACTCTGA ACAATGATCC TCTTGAGAAA 
TATGGAGTCT GT6GTCTCCT AAAGCTTCTC 
25 GTGTGCGACT CAGAGGTGGG TTT06TTCCG 
TTGATTGGCC TTCAGTATGA GGAGCTGCAG 
CGCAACACCA AGCIAGGAGAT TGCTGAGATC 

30 

ATCGACCACG 7TAAGAAGGA GGTGGGGTAG 
TTCCTGTCCrr CTAACTCTTG CTCACGAGAA 
35 ATGTACACTC CAOGATTATT TTTGTTGCTC 
CtATTGCTGA TGCTGAGCAA CGTGGGGAGA 
AAGGGCTGGA GGATGCCCTG CAGAAGGCCA 



.39- 

CCAAGGCAGA CAGTCTAACA GATGATATCA 2160 
GCCCCCCTTG TCTTCTCTTC TCCTTTCCAT 2220 
GCAAAGTGTT TGACCTCTGC AGTTCTCAAA 2280 
GCAGGAACTG TCTCAGATGC AAACTCACAT 2340 
GAACAACCX»T AGCCTGGACC T6GACAGCAT 2400 
CATTGCTCAG AGAAGTCGGG CTGAAGCTGA 2460 
GGTGGAGGCX GATGGGGATG CCTGGGGTCC 2520 
TATTGGAGGC CCACTAAAAG AAATAGGGAT 2580 
ACCATAGAAT AATGTTTTAC TCGAAGAGTA 2640 
ATAAATGGGG TCCATGCTCT TTGCTTGAGC 2700 
CTAGAGAACA TTTTCACTTC CTGAGGGAAC 2760 
TTGAGGAAAA GCCAGCACAT CCATGGAAGT 2820 
CATGTAACAA CTCACATAGA TGTCCTCTCT 2880 
GXCACAGCTG GCAGACATGG GGACGACCTG 2940 
AACCGCATGA TCCAGAGGCT GAGATCTGAG 3000 
ACAGAGAAAT GCATGGGTTG CGGGTTGTGT 3060 
ACCATGGTCT GGGGCTCAGC CTCTGCAGAG 3120 
TCTCTGCCCA GTGTGCCAAC CTGCAAGCTG 3180 
TGGCCCTGAA GGATGCCAGG GGCAAGCTGG 3240 
AACAGGACAT GGCCAGGCTG CTGAAGGAGT 3300 
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ACCAGGAACT CAT0AAT6TC AAGCTG6CCC 
TGCTGGAAGG AGAGGA6TGC AGGTGGGTAA 
5 TTGGTGCAAG CACTGAGCAC AAGAAG05AG 
GAAACTCCTO GCTGTGCTCG AGAGATGGCt 
GAGTTACTGA GTTTAATTCC CAGCAACCAC 

10 

CCAGTGCCCC CTTCTCGOJGT GTTTGAAAAC 
ATAAAGAATA TTTTTAAACA AACAAACAAA 
15 AACAAAACTC TAGTGGATTC XcicTGAGCC 
GAAGTGATGG CT6CCTAGTX CTCACCTGTT 
XGTTGGACCA GTCAACATCT GTAAGTACtEC 

20 

GTGGCTTAAT TATCTGGTCA CAGTGGGCTG 
ACAGCTGTCa TGGAGTCCAC CGTGTCCAGC 
25 AGCTTAGGCC TGGGTGGAGG GAGCAGCTAC 
GGCTTCAGTG CTGGCAGTCG CAGAGCCATC 
AGCTCTTCTA CCATGAAATA CACCACCACC 

30 

ATTCTGTCAC CAAGAGCTTG TCTCTGGTCC 
AGAGCCCOGA GTTGAGGGGC TTCTCCTCCC 
35 TGAGGAGGCT GTGTCATTTT GCTCATATTT 
TTTATAGTCA TCCTGXGAGC TTACATCACA 
TTTGGTTGCC AGGCTCCTGC CXCCCTACCT 
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TGGATGtGGA AATTGCCACC TACAGG/kAGC 3360 
CTATATGCTC CAACCCCTGA GGACAGCTCC 3420 
CACTGACTAT GCCCACAATA 6TGGCTTTAA 3480 
CATTGTTTAA GAGCACTAAC TCCTCTTCCA 3540 
CTGGTGATTC ACAATCATCT CTATTGAGAT 3600 
AGCTACAGTG AACTAAAATA CATATACTAA 3660 
ACAAAACAAA CAAACAAACA ATCAACCCAA 3720 
XTCACTAGAT TGAGGCTTCC CATTCAGGCT 3780 
6CTTTCCTCT TGTAGGTTGA ATGGTGAAGG 3840 
TGCTTGTCCG AATCCCCTTC TCCTTACTXT 3900 
ACCATGTCTG TGGTGTCCTT TTCCTCCTTC 3960 
GGCTATGGCA GTGCCGGGGG TGCCAGCAGC 4020 
TCCTATAGCA GCAGCCATGG CCTTGGAGGT 4080 
GGAGGTGGCC TGAGCtCTTC TGGTCGCCTC 4140 
TCCTCCAGGA AGAAGAGCTA CA6GCAGTGA 4200 
CAGATGTCAT GGGTGCAGAA TCCTGTGCTC 4260 
TOGACCCCAC CTCTCCTCCC OTCTTGGGAC 4320 
CTGTCCCCAT GGGTCCCCAC TGCTCATCTC 4380 
ATTCACTCAC ATTTGGTGCT TCATGTTGTA 4440 
CTGTCTCtGA GGCTGCGTOT GAGAGGGTGt 4500 
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TTCCGACACC TTCATTTTTG AAATCHTTGT CTGGGTCCTA CTCAA6TAAT 6A6CA6CTCC 4560 

CTGTGAGTTT CTAATGGCCT 6AGAAACCCC ATCTCTCAAC ATCATAACCC TCCCTGTCAG 4620 
TAACTGTGAC TGCCCCGTCA CTGGTCCTGT GATGTAAGTT TCTGCTCATG TGATGTCTTT 4680 

GCTTTCCTTG ATGCTCTTGG CTTCCTTGTA ATTTCTAAAT AAA6CAGGTT TATACATAAT 4740 

AAAATTTTCC ACXSTGCATTT TTTGTTGCAA TGTTTTTAAT ATAGAAATTC TGTGGCCTTG 4800 

CTA6ACAAG6 CATCATTACA GTTCCCTCTC CCAGGTCTAT ATGTCTTCAT CT6TTAGTAT 4860 

ATAGTTTAAA TT7AAGTTCA CATTTTAAAT TAATTTCAAT AACTTTTTAA ATAAAATAGA 4920 

ATTCCATCAA TTCCCCCCCC TTCSATTTTTC ACCTGCCCAG ATGTCTTCAC TCCAAACCGT 4980 

CACCTGTTTC TCCATTTTCA AATTGIU5AGT CTTTTGAGGA A6CCTATATT TCCTTCATTT 5040 

TCTTATAAAT AATTTTGTAA TGTATCCATT TCCCTTTCTT TAAAGATAAX CAACAGATGT 5100 

CAGTTCAGCG TTCCTTCCX:A CATGAATTGC CTTCCTGTCA 6CAAGAACAT GATCTGCAG 5159 

(2) INFORMATION FOR SEQ ID NOs4; 

(1) SEQUENCE CHARACTERISTICS s 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

( C ) STRANDEONESS t single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 



(iv) 



ANTI-SENSE: NO 
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Cxl) SEQmKCE OESCRIPllXOirt SSQ ID NOiAs 

Cya Se«f Ser Val Lya Phe Val Ser 5rhr Thr Tyr Sor Gly Val Thr Arg 
1 5 10 15 
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What we claim is: 

A loricrin constitutive vector for efficient expression of a nucleic acid 
sequence in epidermal cells, comprising: 

a 5' flanking region of the loricrin gene, said flanking region 
including a TATA box, a cap site and a first intron and intron/exon 
boundary all in appropriate sequential and positional relationship for 
esqiression of a nucleic acid cassette; 

a 3' flanking sequence of the loricrin gene; and 
a linker having a xmique restriction endonuclease site at the 
location of the start and stop codon, said linker connecting the 5' 
flanking region to the 3' flanking sequence and said linker further 
providing a position for inserting the nucleic acid cassette. 
The loricrin constitutive vector of claim 1, wherein the 5' flanking 
region is approximately 1.5 kb, the intron is approximately 1.1 kb and 
the 3' flanking sequence is approximately 2.1 kb. 
The loricrin constitutive vector of claim 1, wherein the unique 
restriction site is selected from the group consisting of Cla I, Not I, 
Xma I andBgl II, Pac I, Xho I, Nhe I and Sfi 1. 
The loricrin constitutive vector of claim 1, wherein the linker is a poly- 
linker, said poly-linker including a pluraUty of restriction endonuclease 
sites. 

A keratin K6 inducible vector for regulated expression of a nucleic 
acid sequence in epidermal cells, comprising: 

a 5' fl an k i n g region of the keratin K6 gene, said flanking region 
including a TATA box, a cap site, a first intron and intron/exon 
boundary sequence all in sequential and positional relationship for 
expression of a nucleic acid cassette; 

a 3' flanking sequence of the keratin K6 gene; and 
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a poly-Hnker having a pliaraliiy of restriction endonuclease sites, 
said potjr-Iinker connecting the 5' flanking region to the 3' flanking 
sequence and further providing a position for insertion of the nucleic 
add cassette. 

5 6. The keratin K6 inducible vector of claim 6, wherein the 5' flanking 
region is approximately 8.0 kb and the intron and intron/exon 
boundary is approximately 0.56 kb and the 3' flanking sequence is 
approximately 1.2 kb. 

7. The vector according to claims 1, 4 or 5, wherein the cassette includes 
10 a nucleic acid sequence coding for a protein or polypeptide selected 

from the group consisting of a hormone, a growth factor^ an enzyme, 
a clotting factor, an apolipoprotein, a receptor, a drug and a tumor 
antigen. 

8. The vector according to claims 4 or 6, wherein the plurality of 
15 restriction endonuclease sites are selected from the group consfatmg of 

Cla I, Not X Xma I, H, Pac I, Xho I, Nhe I and Sfi I. 

9. A method for in vivo transduction of epidermal cells with a loricrin 
constitutive vector comprising tiie st^ of contacting ttie vector witii 
epidermal cells for sufBcient time to transfect the epidermal cells. 

20 10. Amethod for in VIVO transduction ofepidermal cells with a kCTatinK6 
inducible vector comprising the step of contacting the vector with 
epidermal cells for sufBcient time to transfect the epidermal cells. 
11. A bioreactor comprising transformed epidermal cells including the 
loricrin constitutive vector of clahn 1. 
25 12. A bioreactor compzising transformed epidermal ceDs including the 
keratin K6 mducible vector of claim 5. 
13, The bioreactor according to claims 11 or 12 wherein the loricrin 
constitutive vector includes a cassette having a nucleic acid sequence 
coding for a protein or polypeptide selected from the group consisting 
of a hormone, a growth factor, an enzyme, a dru& a tumor suppressor. 
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a receptor, an apolipoprotein, a clotting factor a tumor antigen, a viral 
antigen, a bacterial antigen and a parasitic antigen. 
The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
proinsulin or insulin. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
growth hormone. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
insulin-like growth factor I, insulin-like growth factor II or insulin 
growth factor binding protein. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
antihemophilic factor (Factor VIII), Christmas factor (Factor K) or 
Factor VII. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 
an epidermal growth factor (TGF-a), a dermal growth factor (PDGF) 
or an angiogenesis factor. 

The bioreactor of claim 13, wherein the nucleic acid sequence encodes 

Type IV collagen, laminin, nidogen, or Type VII collagen. 

The bioreactor of claim 13 for vaccine production, wherein the cassette 

includes a protein which induces an immunological response. 

A method for ex vivo introduction of a loricrin constitutive vector into 

epidermal cells comprising the steps of co-transfecting the vector with 

a selectable marker and selecting the transformed cells. 

A method for ex vivo introduction of a keratin K6 inducible vector into 

epidermal cells comprising the steps of co-transfecting the vector with 

a selectable marker and selecting the transformed cells. 

A loricrin gene of SEQ. ID. No. 1. 

A loricrin constitutive vector having: 

a 5' flanking region comprising nucleotides 1 to 1540 of SEQ. 
ID. No. 1; 



-46- 



anintron andmtron/exoiiboundaiy comprising nud^^ 1587 
to 1679 of SEQ. ID. No. 1; 

a 3* fl a nkin g region comprising nucleotides 4384 to 6530 of 
SEQ. ID. No. 1; and 

a linker to be inserted at the unique Cla l site at nucleotides 
2700 to 2705 SEQ. ID. No. 2 
A keratin K6 gene of SEQ. ID. No. 3. 
A keratin K6 inducible vector having: 

a 5' flanking region which extends from a unique 5' Xho I site 
up to nucleotide 360 of SEQ. ID. No. 3; 

an intron and intron/exon boundary comprising nucleotides 928 
to 1494 of SEQ. ID. No. 3. 

a 3' fl anking region which extends from nucleotide 4740 of 
SEQ. ID. No. 3 to a unique 3' Xho I site^ and 

a poIy*]inker inserted between nucleotides 1504 to 1509 of SEQ. 
ID. No. 3 

A method for enhanced healing of a woimd or surgical incision 
comprising the steps of in z;wo transduction of epiderm^ cells with a 
loricrin constitutive vector, wherein said vector includes a nucleic acid 
cassette having nucleic acid sequence for a growth factor. 
A method of ei^btanced healing of a wound or sturgical incision 
comprising the step of m vivo transduction of epidermal ceDs with a 
keratin K6 inducible vector, wherein said vector includes a nucleic acid 
cassette havmg a nucleic acid sequence for a growth factor. 
The method according to claims 27 or 28^ wherein the epidermal cells 
are transduced with a plurality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGF-a), the cassette of at least one vector includes 
dermal growth factor CPDGF), the cassette of at least one vector 
includes the nucleic acid sequence for a matrix protein to anchor the 
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epidermis to the dermis and the cassette of at least one vector includes 
the nucleic acid sequence for an angiogenesis factor. 
The method of claim 29, wherein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consisting of T^e IV collagen, laminin, nidogen and T^pe VII collagen. 
The method of claim 29, wherein the angiogenesis factor is selected 
from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth factor and angiogenin. 

A method of treating skin ulcers comprising the steps of in vivo 
transduction of epidermal cells with a loricrin constitutive vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence for a growth factor. 

A method of treating skin ulcers comprising the steps of in vivo 
transduction of epidermal cells with a keratin K6 inducible vector, 
wherein said vectors include a nucleic acid cassette having a nucleic 
acid sequence for a growtii factor. 

The method according to claims 32 or 33, wherein the epidermal cells 
are transduced with a plmrality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGF-a), the cassette of at least one vector includes 
dermal growth fkctor (PDGF), the cassette of at least one vector 
includes the nucleic acid sequence for a matrix protein to anchor the 
epidermis to the dermis and the cassette of at least one vector includes 
l^e nucleic acid sequence for an angiogenesis factor. 
The method of claim 34, wherein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consisting of Type IV collagen, lamiwin^ nidogen, and Type VII 
collagen. 
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The method of claim 34, wherein the angiogenesis factor is selected 
from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth factor and angiogenin. 

A method of enhanced healing of a wound, surgical incision or skin 
ulcers in humans and animals comprising the steps of: 

ex vivo transduction of epidermal cells with a loricrin 
constitutive vector, wherein said vector includes a nucleic acid cassette 
a nucleic acid sequence for a growth factor; and 

transplanting said transduced epidermal cells into the animal or 
human to be treated. 

A method of enhanced healing of a woimd, sxurgical incMon or skin 
ulcers in huznans and animals, comprising the steps of: 

ex vivo transduction of epidermal cells with a keratin K6 
inducible vector, wherein said vector includes a nucleic acid cassette 
having a nucleic acid sequence for a growth factor; and 

transplanting said transduced epidermal cells into the animal or 
human to be treated. 

The method according to claims 37 or 38, wherein the epidermal cells 
are transduced with a plurality of vectors and wherein the cassette of 
at least one vector includes the nucleic acid sequence of epidermal 
growth factor (TGF-a), the cassette of at least one vector includes 
demaal growth factor (PDGF), tiie cassette of at least one vector 
includes the nucleic acid sequence for a matrix protein to anchor the 
epidermis to the dermis and the cassette of at least one vector includes 
the nucleic acid sequence for an angio^nesis factor. 
The method of claim 39, wherein the sequence for the matrix protein 
is selected from sequences coding for a protein selected from the group 
consisting of Type IV collagen, laminin, nidogen and Type VII collagen. 
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The method of claim 39, wherein the angiogenesis factor is selected 
from the group consisting of acid fibroblast growth factor, basic 
fibroblast growth factor and angiogenin. 

A method for treating psoriasis comprising the step of in vivo 
transduction of epidermal cells with a loricrin constitutive vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence coding for a protein or polypeptide selected from the 
group consisting of TGF-P, a soluble form of cjrtokine receptor, and an 
antisense RNA. 

A method for treating psoriasis comprising the step of in vivo 
transduction of epidermal cells with a keratin K6 inducible vector, 
wherein said vector includes a nucleic acid cassette having a nucleic 
acid sequence coding for a protein or polypeptide selected from the 
group consisting of TGF-p, a soluble form of <ytokine receptor, and an 
antisense RNA. 

The method of claims 42 or 43 wherein the cassette contains the 
sequence for TGF-p. 

The method of claims 42 or 43 wherein the cassette contains a soluble 
form of C3rtokine receptor selected from the group consisting of IL-1, 
IL-6 and 

The method of claims 42 or 43 wherein the cassette contains antisense 
RNA to TGF-a, IL-l, ILr6 or IL-8, 

A method of treating cancer of squamous epithelia comprising the step 
of in vivo transduction of squamous epithelia cells with a loricrin 
constitutive vector or a keratin K6 vector, said vector includes a 
nucleic acid cassette having a nucleic acid sequence coding for an 
antisense RNA. 

The method of claim 47 wherein the squamous epithelia cells are 
selected from the group of cells consisting of epidermis, oral, 
esophageal, vaginal, tracheal and corneal epitheUa. 
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The method of claim 47 for treating skin cancer wherein transduction 
of epidermal cells is with a loricrin constitutive vector and said nucleic 
acid cassette has a nucleic acid sequence coding for an antisense RNA 
for the E6 or E7 gene of himian papilloma virus. 
The method of claim 47 for treating skin cancer wherein transduction 
of epidennal cells is with a loricrin constitutive vector and said nucleic 
acid cassette has a nucleic acid sequence coding for the normal p53 
protein. 

The method of claim 47 for treating skin cancer wherein transduction 
of epidermal cells is with a keratiin K6 vector and said nucleic acid 
cassette has a nucleic acid sequence coding for an anl^ense RNA for 
the E6 or £7 gene of humaa papilloma virus. 

The method of claim 47 for treating skin cancer wherein transduction 
of epidermal cells is with a keratin K6 vector and said nucleic acid 
cassette haa a nucleic acid sequence coding for the normal p53 protein. 
The vector according to clauns 1, 4 or 5^ further including a Vitamin 
D regulatory element. 

The vector of ckum 53, wherein the Vitamin D regulatoiy element is 
firom the human Kl keratin gene. 

A method for vaccination comprising the step of the m vivo 
transduction of epidermal cells with a loricrin constitutive vector or a 
keratin K6 inducible vector, wherein said vector includes a nucleic acid 
cassette ha^ng a nucleic acid sequence coding for a protein or 
polypeptide which induces an immunological response. 
The method of claim 55, wherein the cassette includes a sequence for 
a viral capsid protein. 

The method of claim 56, wherein the capsid protein is from the human 
papillomavirus. 

A transgenic animal containing the vector of claims 1, 4 or 5 in its 
germ and somatic cells,^ wherein said vector was introduced into said 



wo 93/22431 



PCr/US93/03993 



-51- 



animal or an ancestor of said animal at an embiyonic stage and the 
nucleic acid cassette of said vector is only e3q)ressed in squamous 
epithelia. 
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A. CLASSIFICATION OF SUBJECT MATTER: 

C12N 15/00, 15/12, 15/63, 15/64. 15/85; CI2M 3/00, 3/02, 3/04; A61K 31/70 

B. FIELDS SEARCHED 
Minimuni documentatioa searched 
Classificatioa System: U.S. 

435/69,1, 172.2, 172.3, 240.2, 24G.2E, 284. 285, 286, 320.1: 424/93B, 93A, 88, 89, 9''- 536/ 23 5 -^3 51 23 7-^- 
514/2, 8, 12, 44; 800/2 ^. 

BOX IL OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

^- Claims 1-4, 11, 21, 23 and 24, drawn la a lodcrin vector, classified in Class 435, subclass 320.1, 

for example. 

Claims 5-6, 12, 22. 25, and 26 drawn to a keratin K6 vector, ela.%ified in Class 435, subclass 
320.1, for example. 

Ill* Claim 9, drawn to in vivo transduction of cell^ with a loricrin vector* classified in Class 424, 

subclass 930, for example. 

I^- Claim 10, drawn to in vivo transduction of cells with a keratin K6 vector, classified in Class 424 

subclass 938, for example, 

^* Claim 27, drawn to a method of enhancing wound healing with a loricim vector, classified in Class 

424, subclass 938. 

Claim 28, drawn to a method of enhancing wound healing with a keratin K6 vector, classified in 
Class 424, subclass 93 B. 

VIL Claim 32, drawn to a method of treating skin ulcers with a loricrin vector, classified in Class 424, 

subclass 93 B. 

Vm: Claim 33, drawn to a method of treating skin ulcers with a keratin K6 vector, classified in Class 424, subclass 
938. 

Claim 37, drawn to methods of treament with a loricrin vector comprising ex vivo transduction and 
transplantation, classified in Glass 424» subclass 93B* 

^- Claim 38, drawn to methods of treament vnlh a keratin K6 vector comprising ex vivo transduction 

and transplantation, classified in Class 424^ subclass 93 B. 

XL Claim 42, drawn to an in vivo method of treating psoriasis with a loricrin vector, classified in Glass 

424, subclass 938. 

XII- Claim 43, drawn to an in vivo method of treating psoriasis with a keratin K6 vector, classified in 

Class 424, subclass 938. 

Xin. Claims 47^52, drawn to in vivo methods of tieating cancer* classified in Class 424, subclass 938. 

XIV. ■ Claims 55-57, drawn to in vivo methods of vaccination, classified in Class 424, subclass 93B. 

XV . Claim 58 drawn to a transgenic animal, classified in Class 800, subclass 2/ 
Claims 7. 8, 13-20 and 53-54 link inventions I and IL 

Claims 29-3 1 link inventions V and VI and will be examined if the required fees are paid for either of these groups. 
Claims 34-36 link inventions Vlf and VIII and will be examined if the required fees are paid for either of these groups. 
Claims 39-41 link inventions IX and X and will be examined if the required fees are paid for either of these groups. 
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This international report has not been established in respect of certain- claims under Article X7(2)(a) for the following reasons^ 

1- I j Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



□ 



Claims Nos.: 

becausethey relateto parts of the intematfonaUppfication that do not comply with the prescribed requirements to such 
an extent that no meanrngAir intetnali'onal search can be carried out, specifically: 



3. I I Claims Nps.: 

because they are dependent cbums and are not drafted in accocdance with the second and third sentences of Rule 6.4(a). 
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This International Searching Authority found muilipfe inventions in this international application, as foUows- 
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1. 



[x] Asallrequiredadditionalscarchfeeswere.timelypaidbythcapplicant,thisinternationalsearchreportcoversaU 
Claims. 



^ ofSyZ^^^!^^ searched without efTort justifying an additional fee. this Authority did not invite payment 

3. [~j As <snly some Qfthe required additional search fees were ti 

only those claims for which fees were paid, specirically claims Nos.: 



[~] No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the cfaimsr it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

No protest accompanied the payment of additionaL search fees. 
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